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* MILITARY CURRICULUM MATERIALS ‘
The military-developed curriculum matérlals in this chourse‘
package were gelected by the National Center for Research in
Vocational -Education Military Curriculum Project for dissem-

_ination to the six regional Curriculum Coordination Centers and

other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more accessible to vocational

~educators in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either amitted -or appro-
val for their use was obtained. .These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.

i

-




- N
)

i te N . 4+ Military: Curriculum

oS
-1
-
1,
~ad

- . Materials for
- Vocational and

PR
b T aliy
TN i T
fat

' The National denter \ I

-1 >
paip— v
¥ LE - T . . ™ / 't-;, . . . )
Mission Statement . - gBE ‘«gh 4 Technical Education
COTTERT '.;"....‘ LIy stlg g g oxoi i \agrea ik LT . i?ﬁg ?l"ﬁ i@.j; - :
e Mrmﬁmﬂm PG oY 3 =ﬂz H'{S - , .
LI ; §i ar ,P_f{x, i
< b o3 N B
‘ . ; Z0 l% ]
! - o
The Natiopal Center for Research in . al = if{‘ K% Information and Field
) Voca,tl_o_nal Edueat_lon s mission is to increase = ¢ §f = 7, '~' —  Qervices Divis |0n
L the ability of diverse agencjes, institutions, P -8 : o B
- #¢  dnd organizations to solvefeducational prob- ,g ‘,%.‘ .
« ., lems relating to individual career planning, §5= fy‘,{‘ . :
~ preparation, and progression. The National h i: = géf iy The Mationnl Cenler for Resqarch
. Center fuffills its missionby: - .7 L = i 1”« in Yocational Education
. ’.\g ;. /-
. Generatlng knowledge through research ;‘Jﬁ | B . “
s D
“},‘{' ok
,*® Developing educatlonal prograrris and S
products 1. B |
R Evaluatlng individual program needs . 17 B
' - and outcomes : g el “‘w %’%g"’?’:j{
. . "‘.}\ :.{3}, J.éx (84} ‘r 51,4 , ' :
L . ' i N b 1‘ M
¢ |nstalling educational programs and ,,_s{*'é; S wm
= ‘product . N }Qt (18
e Operatlng information systems and T . : b "
services : A : . :
2 : ) i
. Qonducting leadership development and .
LR training programs
: £y ' . 4 '
_ FOR FURTHER INFORMATION ABOUT A ‘ o )
‘Military Curriculum Materials ‘ '
' WRITE OR CALL : -
. Program Information Omce . o
The National Center for Hesearch in Vocational »
A Education : ' :
N The Ohio State Universny ‘ .
1960 Kenny-Road, Columbus, Ohlo 43210

v -Telephone: 614/486-3655 or Toll Free 800/
E KC 848-4815 within the commental U, s '

“(except Ohio) . = o I - S e

wll Toxt Provided by ERIC




Mllltary - o
Curriculum Materials
Dlssemmatlon Is...

e ik i A

’5-' s . s L [P B IR WX YW IR GO
| .
|

»

an activity to increase the ':accessublllty of
military-developed curriculum materials to
vocational and technical educators.
This p\oiect, funded by ‘the U.S. Office of .
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast- Guard, Air Force,”
'Army, Marine Corps and Navy.

N - 4 - .
Access to mllltary curriculum materials is
provided through a "Joint Memorandum of
Understanding’’ between the U.S. Office of

‘Education and the Department of Defense.‘

The ‘acqunred materials are revuewed by staff
and subject matter specialists, and courses
deerned appllcable to vocatjonal and\tech-
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‘Vocational Education is the U.S. Office of
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Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
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Course materials include programmed
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guides, student workbooks and technical
manuals.
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Clerical . Management &
Occupations Supervision
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Enging Mechanics  Public Service

The number of courses and the subject areas
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This is the third of four courses on feating and ventilating. The previous courses 'discussed blueprints, tools and pnpmg. glectricity, lnsulanon. principles

of heating, and heating.units. This course offers instruction on gravity and forced warm-air heating equipment, including its instatiation, operation, and

maintenance. In addition there is a lesson on the characteristics, effectiveness, and advantages of several typas of high-temperature hot-water (HTHW)

heating systemg® This course consists of \the‘followmg three lessons:
. a

-

Warm-Air Heating’ contains informatiof on graavity warmPair heating systems and forced warm-air heating systems including |

Lesson 1 -
' an explanation of the furnaces and ducts used in each system. . .
Lesson 2 - Domestic Hot-Water Heating discusses the types, accessories, installation, opera;non and maintenance of hot-water boilers;
gravity and forced-circulation hot-water distribution systems; apd.hot-water heaters. ° ‘
Lesson 3 - High-Temperature Hot—Water Heating covers the charalteristics, types, pressurization, operation, and safety chardetensncs of

high-temperature hot-water heating svstems The safety characterlsncs of steam and hot water, and installing the piping system

are also explained.

.

N : oot
The student workbook contains lesson objectives, text assignments, lesson review exercises, the answers to the xercises and a discussio
The text contains the reading assignnrents. A course examination is also provided, but no answers are availabl
study and evaluation and can be used for independent remedial work or advanced study. .
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_INTRODUCTION -

»

W,Thls is the third of four subcourses on the

Wels, and theYoperation of furnaces and boil-
¢t The present subcourse gives instruction
‘gravity and forced warm-air heating
ipment, mcludmg its installation, opera-

ioh, and maintenance. In addition, there is.a

% n on the characteristics, effectlveness.

'_advantages of several types of hlgh-

2 Domestic Hpt~water Heating.

3. ngh-'l‘emperature 'Hot—water
Heating. =~ -

N,lbject of Heating and Ventilating. The pre- .
ceding subcourse discussed heat transfer, -

.~ course. You will not be limited as to the.

., the subcourse.

e

- and forward the exammatlon answer card .
the' USAES for gradmg The. ‘grade yoi’ a

' \&
- Examination. , AN
Eight credit hours are allowed for this sub- o
_number of hours that you may spénd on the
subcourse. any lesson, or the examination. 7

Text. furnished: emorandum\ §66 Heat- :
ing and Ventilating 11T (Warm-au; and Hot- -
water Heating). :

*

Each exercise’ has figur choices with only
ONE best answer, aéelect’ the choice that you
beleive is best. Check your answers with the
solutions found. in this subcourse packet. )

- When you have completed all lessons to
your satisfaction, complete the exammatxon '

receive on the exammatlon is your grade for

&

e

P24
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LESSON 1

~+ 7 WARMAR HEATING
CREDIT HOURS ____oo.._______: _____ 2 o -
i CTEXT ASSIGNMENT mimmmemirmmeemm———Memorandum: 566, Chapter 1.
S lESSON OBJECTIVE meeemmceenee e —.__To teach you the principles of warm-air heat-

C ing systems and the use and maintenance
. o ’ of the equnpment used in this heating
‘ - process.

aw g N g . g B =

Exsmsss | L,

Reqmrement. Solve the followmg multxple- 4. Which of the following: would
_ chmce exercxse L . you ‘usé to seal gastight the sections
' of a cast iron furnace? :

' Warm air is exrculated in the

hit,
gravxty warme-air system by . r,, ‘graphite rope
b.. tar paper
a. . direct .conduction v anila fiber t
'b. indirect radiation ; lfl;n'n a Hher tpe
v ¢. natural convection ‘ + furmace cemen
©d indire‘ct-gravitation _ a o 5. If a bottoni' floor panel is not
. : . - furnished with a gas furnace, you would
" 2.° The total cross-sectlonal areaof - make the casing airtight with .
vall the warm-air ducts in a gravn:y ‘ %iﬁt.cement ¢. asbestos paper
* warm-air heating system is 50 square o ‘ _
inches; therefore, the total cross-sec- - - b, tar , d, baﬂiea_
tional area of all the’ cold-air ducts thust 6 Y'duhmust use 5, 1 y manu
* be at least ?2 L . ocall :
be at least how many square inches?. ., . o- S downdraft diverter in a gas-
a. 258 - e 70 . ' - fired furnace. Before installing it, you
' - make sure that.it
b 50 d.80 make eatl
L S A a hasbeencahbratedforthmumt
8. You are mstallmg a grav:ty' © b is thk adjustable type
" ‘warm-air duet 20 feet long. How meny. | : R
" inches of upward pxtch would yougive ° ¢ haslarge vent-pipe sheet
o te ﬁ“s duct" ; S d. is the correct size  ” -
v .b.a‘ 5 ; , Coe 20 ) B
ot S - 7.Ahonzontalsmokep1pe6feet
b 210 ..o -de 2 o ; .long WOuld requn'e a pltch of at least
S S _ : 11




K 1 inch
b, 3 inches

¢. O inches
" d. 8 inches.

8 A cin’,mney ha_.;ring a cross-sec-
tional area of 3 square feet was erected
at an Ariy post situated at sea level.

‘If you had to construct such a chimney
ot a post located 5000 feet above sea
level, what would be its minimum cross-

gectional area in square feet?
a. .3 ® e 4
b- 3.6 “ : d' 4'2

A

9. The peak of the roof of a build-

ing is 25 feet high. What should be the |
. minimum height of its chimney in feet?

oA 25

Qe 31

10, ‘A furnace has an input rating

.. of one million Btu per hour. How many

square inches of area in the free air
opening must- be . provided to supply
combustion air to the furnace?

a 1000  c 100,000,

b 10000 & 1,000,000

11. A newly assembled cast,iron

. furnace has a caging with a crack in it.

What is the probnble cause?
a. short push nipple
b. -Tolts too loose

' ¢ missing boit

d, boits too tight

12, . Why are metal pipes covere‘d-
vnth asbestos paper? :

a. lower furnace temperamre

"B, prevent leaks

e, increase radiation

& reduce heat loas

13 What action would you take
- it your warm-air heating system kept =

12

gome rooms at 65° F and other iooms
at 79° F*? .

a. remake furnace fire

b. decrease furnace fire

e gdjult the dampéra _

d. balance the butterfly valves

- 14, In maintaining the dr ducts for

gravity heating, you should clean them
with a vacuum cleaner once each

a. day - . ¢. month
b. week d. season

. 15, The pnmary difference between
the forced warm-air heating system and

the gravzty heating system is in the
a. placement of the cold-air returns .-
_h. method of circulating the air

¢. number of registers
d. number of warm-air pipes

16. Which of the following allows
the forced warm-air system furnace to

" be placed on the same floor as the rooms

to be heated? C.
a. fan or blower

b. cold-air returns attached to ceiling_ .

¢. ‘the number of registers
d, the use of small ducts

17. In maintaining a forced warm-
air furnace, how often would you inspect
the air filters?

a. once each week
b, twice each weelk

- ¢, once a month

d. twice & month

‘18, . How much play would you allow

in the blower belt of a forced warm-air
furnace?

a. 14 to Y% inch
b, 1 to 34 inch 1




¢. 1Y to 2Y% inches \ .
‘d. 1-to 1% inches .
~°19, In the f,oreéd warm-a;lir heating
~ system, the air ducts are usually
a. larger than gravity air ducts .
b. attached to the walls of the heated
rooms

t

e. sloped up 0.50 inch per 6 feet

d. hung from the.ceiling

20, ‘At how man.y feet per minute
"should the air issue from the register
of a forced warm-air heating system?

. % 35 &45
b. 40 B d. 50




2. cast fron e wrought iron forced\draft failure in' a _boiler, which
g e ' ; Tdole S of :the following would shut down the
b steel ,  d brick Bring oquipmens?
3. The umber of intermediate sec- 2. airflow switch
‘tions in a square cast iron boiler is de- L
i termined by the size of the : h. pressure relief kvalve
g / .- 'push nipples e . boiler e P’“’.’“"’; gage
' b.__ header- - d. firebox - d. water level valve

SR LESSON 2

- DOMESTIC ‘l."IOT-WATER HEATING
 CREDIT HOURS ______________________2 |
TEXT 'ASSIGNMENT S Memorandum 566, Chapter 2. Y .
LESSON OBJECT!YF S P —— To teach yeu the installation, operatian, and

maintenance of hot-water boilers, heaters,
and their distribution systems. -

EXERCISES

~ o

Requlrement. Solve the following multiple- ‘ c. size of smoke passages -
chipice exercised. d. location of combustion chamber

.
v . . . . —

. 1. The hot-water boiler that has a

. ‘ 5.. The pressure relief valve on a
self-contained firebox and i is somewhat - hot-water boiler may corrode or stick,

‘portable in called 4 B and therefore should be forced to op-' A
% self-contained- e, -circulating . erate once each '
) N . M i . \ -
b. skid-mounted  d. package . a. hour e week
~ . 2. What type of boiler is con- b. day . . 4. month

_ 2. : _ A
structed In several sectiona? .In the event of an induced or &

: 4. One of the two sectxonn of an’ 7. 'The baflles in a hot-water boiler

 steel hot-water boiler consists of the : a. reduce water evaporation
. 'base and either the grates or burner. _ . : :
It is constructed accordng to the : b. hold the hot gases
‘8. number of ‘water jackets - ¢ mix air and fuel
b. type of fuel used . . d. clean hoiler tubes
| ";'" p R | T 2—1

e 18




8. A steel boiler has developed a

. very large hole in the boiler flue. What v

should you do?
a. weld the hole _
'b. cover hole with’ aabeatos paper
c. replace the flye:
d. ieplace a boile_r section
9. Inthe tveo:piﬁe open-type gravi-
ty system, the amount of temperature

drop between the begmnmg and the end
of the line depends upon

radiator size and atmosphere vent
location of expansion tank

size of pneumatic. compression tank
length of main and the heating load

B o TP

10. In a gravity open-tank system,
with an average boiler temperature of
170° F, the radiator emisslon rate of
Btu psf is

2. 100
b. 125

c. 135
' d 160
_ 11 The expansion tanks in the
gravity and forced circulation systems

. % allow water in- dmtribution syatem
. to expand

- b. ‘hold the water extracted from the
steam lines

¢. hold the steam extracted from the
LA water lines

d. force water in distribution system
- to condense

12. When a hot-water ."system is
© first filled with water, it is normally
‘necessary to.

a. close air vents on the radlators .
b, keep water temperature helow 150°
‘mcreue intake of air -

d. . bleed air out of System

bk
-3

| 2. blow down the,boxler_

18. In the one-plpe closed-tank

" forced circulating system, which of the

following would you install to improve
the circulation through individual radia-

tors"
8. pressure valves ¢. elbows

b. connecting tees. d. branches

14. You are installing a 100-foot

“branch line in a hot-water system. How

many inches of pitch, as a muumum, do
“you give to this line?

a 4
b. 6

¢e. 10
d 12

15. 'Youfind a badly cracked section

a

" in your cast iron radlator This section

~should be
a riveted  ¢- e _replaced
b. welded

d. inverted

16. The boiler of your hot water

.8ystem smokes through the feed doors.

There are no chimney leaks: Which of
the followihg do you do next?

b. increase fnrnaee draft
. change kind of fuel -
d

clean flues and flue pipes

.

17.. The radiators in a forced circu-

4q

 lation “hot-water heating system will

not heat. There is sufficient water in

- the system, radiator valves are open,

no corrosion is present, and you have
bled the air from the system. Which of
the following"would you do next?

a. check circulation punip
b. . clean boilef ﬂuea

c. change to larger boxler ‘

d. increase draft




 18. The distribution piping in a hot-

" water system fails to transfer water to

* the upper radiators, There is no stop-
page in the lines, the circulation pump
runs, and you have bled the air from

the system. Which of the following
could be the cause of this failure?

19. Boiler water is not used for

‘domestic purposes because

a.
b.
(|3
d.

it is too hot
of chemical added

‘quantity is limited

it hul_been aerated

a.
bl

mnuﬂlcxent water

_decreased fumace draft

20. What is the gallon capacxty of
domestic hot-water heaters?

e wrong type of fuel
d. chimney leaks

a 5 to10 c. 10 to 25
b. 5 to 20 d. 20 to 50
,
h ’- #
@ 2
9

. L

15




cnsmr HOURS .. ____ ‘

LESSON 3 |

2 HIGH-TEMPERATURE HOT-WATER (HTHW) HEATING

K
N
’

oo 2 » !

Za
TEXT ASSIGNMENT ._.-.._.'__.._,__-_,.___'___.,.Memorandum 566, Chapter 3 ;
I.ESSON QBJECTIVE‘ — -_To teach you the operation and maintenance

of HTHW systems, tfe characteristics of
their heat-carrymg media, and the installg-
tion of plpmg equipment.

o

o

Reqnirement. Solve the followmg mulitple-

‘ little make-up water because 1t

, o maelosedsyatem ,

’ b. requires frequent blow‘/éowns ,
¢. has conmderable,leakage

" d. operates at low thermal level |

| * ' and at a temperature of 308° F?
L e me 13,800 e 15,000
b. 14,000 Y § 15840

~ of 316° F, the water would contain how

thesteam"
s 50 . ‘o 6
‘b 58 AT
4, When the temperature of the

choxce exercmes. . .

| '1.‘ The HTHW"system ‘uses very

20 What is the total of Btu/eu, ft. -
of water under 60 psi gage pressure

3 If wa.ter and steam each wete _
subjected to 70 peig at a temperature

many times more Btu/eu. ft. tha.n ‘would

o w:termanHTHWsystemmlOO°F the '

EXERCISES |

densxty is about 63 pounds per cubic

foot. What will be the density of the

. water in pounds per cubic foot when

- the temperature rises to 200° F'?
. &80 e 90
- b a. 120 °

B ‘Which of the following is an im-
- portant characteristic of the HTHW
- system? -
a constant'water density - o
~ b.. no pipe radiation ‘

“e. simplicity of construction

d. no pamp leakage

: A 1-mch steam line transfers:
9000 Btu per hour. If this heating sys-
tem is changed to HTHW, how many
Btu would you expect the line to trans-

- mit? .
29000 e 270,000
b. 27,000 d.’ 900,000

1. For a ngen volume, steam con-
taing how many tlmes more heat than
'does air'?

8—1




e asteam boiler ‘
. ‘d. a hot-water generator

a B o 10to80
R

d. 40t090

0

W8 The hig fahrenheit tempera-
ture rahge for tmost military HTHW

~ heatin }plalntl is

’, a. 100° to 200° e 300° to'4.00°

- 200° to 300" d 350° ‘to 450°

9. ’l‘he seco d pump ln the two- g

_ pumpH'l‘HWsysemmusedto

' pump water to distribution ‘aystem

" b, circulate water through generator

/ g

c. circulate Water throughout system \

' d. pump water to expansion tank

10. In the caacade heater method

~ the ‘water is heated by .
‘a, dxrect.contaet with steam
_b. inert gas pressure . .

« 1. In preasurizmg the HTHW sya-
tem, an expansion tank is, required

¢. it prevents vaporization when tem-
.. perature falls

12 When operatmg with the satu-
rated-steam cushion ‘design .in pres-

+ surizing the HTHW ayatem. it i3 neces-

‘sary to generate an excess amount of

. heat in order to :

E allow for expanmon in drum
b. merease ﬂow of hot water

Lo provide saturated qteqn
d. ofl‘set ra.dxant heat- lﬁys

‘Why? - 3
R water expands when heated '
Cob it reduces saturation temperatures

3 d.' it keepf water below 212°F - ;' :

12

' .
L=

. 18, Which of the following ia a
.characteristic of the mechanical-gas

cushion design for preasurizing the
HTHW system?

a2’ extra lafge steam drum
b. expansion tank is part of generator

c. expansion tank is independent of

- -generator :

‘d. subject to ent flashing of
steam N

‘14, What is the minimum number

~of gallons of sodium sulfite that you
" would use to treat five million gallons

hw)

- “of water" ,
e 5 - e 130
.ho100. © 7 a4 150

4 : : .
15, - A low-pressure steam line is at

' 5paiand230°F A break in this line

would eause the discharge.of this steam

"* into the atmosphere at a velocity of
- how many feet per second?
\ - N

& 1000 - - e 1500

b. 1200 « d. 1800

16. A high-pressure steam line is at
125 psi and 300° F. A break in this line
would cause the discharge of the steam
at a Velocxty of how many feet per
second? .

s 1200 e 1600-
-b.»v.u'oo' A 1800

@ ,? .
A7, A break ina low-presaure water

line at.15 psi and 200° F would cause -

discharge of the water at a velocity of

* how many feet per second?
, & 175 c. 1000
© b, 500 . - d. 1750

18, Which of the following could .

cause an explosion in a steam boiler?




b.

. o e

d.

X
- '3
<Y .
..

steam _pressure equaling .atmos-
pheric pressure . C

excessive steam pressure msxde
steamdrum ~ - -

sudden yermg of water level
collapse of generator ‘tube

19, After the loss of water on th® -
inside. of the tubes, tube failuse in a

: \ S
¢ : TN
’

.
- .
N °
o
o
'(-\
.
&
° ;
‘y
i
[
iy
o
'
i

v

I
ot \
$
forced circulation HTHW- system can |
take place in -
.2, 2 seconds "¢ 1 minute —

b. 30 seconds ‘d. ‘2gm.inutes

20. . All piping in an HTHW system

should be v é
a. ‘riveted c. cemented
b. soldered 5 - d. welded °
.\ N -
: s \\
‘
) - %




@ connzsponnsncz COURSE OF 5@
&) . U.S. ARMY ENGINEER SCHOOL &

_ 7
SUBCOURSE 566-2 .. .......c¢.. . Heating and Ventilating Il (Warm-Air and
o Hot-Water Heating). '
LESSON 1 ......cc.o0c0nn e Warm-Air. Heating,
S
SOLUTIONS
. N | . .

Each exercise has a weight of 5. All references are to Memorandum 566-2. -

® ¢ (par 1-1) \ : 11. @ (par 1-13) a
N2 b (par 1-2) ' 12. d (par 1-27) -
3. ¢ (par 1-3) : 13. ¢ (par 1-31)
4. d (par 1.5) ~ ' 14, d (par 1-32)
5 a (par 115} . 7 15. b (per 2-1)
6. a (par 116) ‘ 16. @ (par 2:3)
\ "1 (par 1-17) , _ 17. ‘a (par 2-11b)
_ 8. b (par 1-19) 18. ¢ (par 2-11)
\ 9. b (par 119) : 19. d (par 2-14)
‘ 10. a (par 1-20) | 20. d (par 2-18)

tor further explanation, see Discussion.

N

}

Al concerned will be careful that neither this solution nor information concerning the
same comes into the possession of students or prospective students who have not oompleted
the work to which it pertains. :

- 4

EDITION 2 (NRI 201) . ‘ - C1—1
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C DISCUSSION -

1' In the gravzty warm-air system, nstural convectlon (c) causes circulation The cir-
' culaﬂon takes phce beca.use of the difference in weight between warm air ‘and cold air.

2. The total croes-sectlonal area of all the cold-air ducts must be at least equal to the

total cron-seetmnal area of all the wa.rm-air ducts — 50 (b) square inches.. ’
8
: 8. ’l‘he ducts are installed with at 1&« .1 inch of upward/ itch pei' linear foot and ,
- &« leaves room tor proper air circulation. 20 X 1” = 20” (e) ' —
_ . \ i .
R , 4 Calt iron furnaces are constructed in aectxons which are made ga.stxght with asbestos -
rope packing ‘and furnace cement (d). . , i .
o
° 5 If ‘there is no bottom floor panel furmshed grout the casmg to makgxt mrtight by 4

-

.\; .

chippmg and. wetting the floor, and then uemg a'liberal amount of cement (a) ‘Mixture.

E 6. vaertera are developed for individual fumaces 0 you should never use a dxverter
of local manufacture unless it has been calibrated for the specific heating unit_(a). '

SN 7 Install all horizontal smokepxpes 80 that they have a pltch of not leas than 1 inch
- _per linea.r foot as illuatrated in ﬁgure 4 8” X 1” = G” (c)

N - ‘8. To be s;tmfactory abdve sea level, the area of the chimney must be increasea 4% for
- . Ahach 1000 feet above sea level,

-1@00"'5 X 4% = 20% increase

o .Q M 20— Gnquareteetmcreue ;

¥+ 6’ =36 square feet (b) i

" 9, The chimney muet never be lesa than 15 feet high and always extend at least 3 feet ‘

above the peak of the roof, C . : ‘

25'+3'—28’(b) | L ; | o

10 An opening. having 1 square inch of free air area must be provided for each 1000
,Btu per hour of furnace input retmg, with a minimum of 200 squaré m/ché

1000000-—1000'“10008tux lsqin 10005qm a)

" 11. Roltamust be tightened with care. Duwlng bolts too tight (d) cracks or breaks a
. ".ca:mg or kles s steel plnte ' ,

12, The metal pipee are covered with a thin layer of ashestos paper to reﬂnce heat loss
. (d) through radiation :

18. Ycu can balance the heeting system by adjulﬂng the damperl (c) in the duct branches
while the fnrnace is in full operation . _

o 1‘_2.‘ o

]

a




4

14, Gravity cold-air and warm-air ducts require very little maintenance. -So that the ‘
warm air flows properly, clean the ducts with a vacuum cleaner once each season (d).

s 15. The difference between the two heat;ng systems is in the method of circnlatmg t.he )
air (b). Gravxty causes the air to circulate inthe gravity system, and an electnc blower or fan
" causes the air to cu'culate in a forced wa.rm-an' hea’ang system.

' 16. The furnace‘ can be located on the same ﬂoor; as the rooms to be heated because the
@or‘ blowex (a) insures that warm -air reaches all the rooms.

‘17, Inspect air ﬁlte at least once each week (a) You should clean or replace them
whenever they need cleaning or replacing.

18. Unless the méufacturer reeommends tlghter ad justment, sdjust the base of the mo-
tor so that there is llg’%inchee to 214 inches (c) of play ik the belt, as illustrated in figure 11..

¢
19. Both the warm-air and coldaair ducts are usua.lly hung from the eeiling (d) with
metal strapping. '

- .- 20. XYou should regulate the da.mpers uptil the air from the reglster is about 50 (d) feet
per minute, Take this measurement about three-fourths of the distance away from the regxs-
ter to the oppoexte wall. P

N
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o @ . CORRESPONDENCE COURSE OF " - \@.

U.S. ARMY ENGINEER SCHOOL

’ SUBECOURSE 5662 ............. . Heating and Ventilating 111 (Warm-Air and -
. o ‘ ) Hot-Water Heating).  °~ :
LESSON2 ........ %o v oot e e« \Domestic -Hot-Water Heating.

[ SOLUTIONS N
Each exefcise has a weight of 5. All references are to Mé’mor{}:dhm 5662,

“1, d (par 82) S T - 11 a (par41y) .

2 @ (per3d) 7 12,4 (pard4ld) . .. ‘"
3 ¢ (par36) ~ ., ° _' 13. b (par 417) _ )

4. b "(par 3-10) = ’ " 14 ¢ (par 421)

5 & (par 3-14)° ' 15. ¢ (par 4-22) ,
8. a (par 3-18) N .16, d (par'43D) o
- 7. b (ar321) . 17. .a (par 437) .,
8 ¢ {par 3-25) - 18. a* (par 4-37)
9. d (par 46) .. 19. b (par 51) .
10. d (par 49) - | 20, d {gar 5-2)
~ For further'e,x;}}nation,-see Discussion. e
| | )
w5
.
-
® \‘
‘\‘\' “.“}‘
, o5 -



* what por}table TIns accounts for the term “pa.ckage boﬂer "

3 2. Cast iﬂm (») boilers are usually constructed of several seftions Jomed by some form D
of connectlon, such as push mpplea ) . ‘

3 Square péctional cast- ﬂ‘on type boilers consist of a front and rear sectlon a.nd anum-
ber""ot mtennedib.te sections dependmg on the size of the. boiler e). v . @

.. 4. Most fot-water boﬂers“are constructed in two sectlons The séctlon consisting of the
base and eithe the grates or buéner is consu'ucted according to the type of fuel used (b)
B X ‘
5. Pressure relief valves may corrode or shck if they are not forced to operaté occasxon-
ally. It is good practice once each month . (d) to increase the: pressure to a point that operates
the valves. '\ . . | ‘ \ -

4 S
: 6. The airﬂow switch (a) shuw down the ﬁrmg eqmpment in event of an induced or |
forced draft fa.ilure ) _ ~. ,

FR Boxlers are deslgned yvith baﬂles in order tohold the hot gases (b) as long 28 posmble ‘ N -
In this way, t.he gases nge axlmum heat before passing into the chimney. ‘ @

LAY

: 8 When steel boﬂers develop a leak, weld or rivet them; but when a boﬂer ﬂue ie un-
- semcenble, replwe (o) it. - ,:

. ., . ' ‘o ) | . R
K 9. The amount of bemperature drop between the beginmng and the end of the line de-"
o pends upon tho length of the maln and upon the heating load (d). ‘

: 10. A gravxty-open-tanli aystem with an average ‘bo:ler water temperature of 170° F hu
a ra.dia.tor emiulon rate of 1@!) (d) Btu psf ' .

11, Ing the grawt‘y and ’forced circulation systems, open and closed expansion tankn ‘allow
%the water in the dlstribuﬁom systeni to expand (a) as the temperature rises. - -
ﬁ e S )
A 12 When a hot-waten syatem is ﬁrst filled with water, it is normally necessary to bleed
the air out of the system (d) at the same time. You can remove tha axr by opening an air vent
~on a radiator or by breaknxg a union near the end of the line. - , :

\

_ 18. The cireulation to individual radmtors is 1mproved by speclal supply and return con-
e nect!ng tees (b). These tees combine to use a portion of the veloclty head in the main in order
~ to increase tirculation through the rad:ators ‘ ..

o -

L ©4 The pitch is generally-no\less t@n 1 mch for every 10 feet of. branch line. 100' -~
N 10""10 P 1”—10" (c) L % _ n.-' I

. 15, A radiator is nsually constructed of cast iron and assembled in sections as shown in
ﬁgure 24. Damaged ra.diator sect:ona can be raplneed () without replacing the entu'e radia-
tor ulembly. o , N
ST Lo : : @




} 16. ‘In the lht ot discrepancxea in par 4-37 the reinedy indicated is to clean the boller

~ flues and flue pipes (d) as there are no chimney leaks in this instance.
¥ A To get cxrculation of the hot water through the radiators under the conditions de-. '

scnbed, you should check the operation of the clrcnlzﬂon pump (a), as suggested in par 4-37

18. In the situation descnbed, the most hkely cause is insumclent water. (a.), as indicated . -

in the discrepancy lmt in pa.r 4-37.
19, Clean water is reqmred in many installatxons for domestxc and mduatnal use. Since

.. boilér-water cannot be used for this purpose because of the chemlcal 2dded (b), it is necessary
. to he:t other water _

20. ‘Domestic hot-wa.ter heaters are built in various sizes from 20- to 50- (d) gallon capaci-
ties. Industrial type hot-water heaters are designed to hea.t thousands of gallons of water, de-
pending on the amonnt an mat;llationuaes . v ,

-

28

Bl
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e
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NOER CORRESPONDENCE COURSE OF @ '
"X U.S. ARMY ENGINEER SCHOOL

|

. o . . \ ) : ) ' . ’ " .
SUBCOURSE 5662 ......,....... “Heating and Ventilating 111 (Warm-Air and
T ' - Hot-Water Heating).

'LESSON 3 , . T T High-Temperature Hot-Water Heating. el
. . SOLUTIONS
- Each .exercise has a weight of 5. All references are to Memorandum 566-2,
1 .a (par 65) - 11. a (par 81)
2. d (TableD) \ i 12,4 (par 82) e
3 d (TableD) : 13. ¢ (par 8-6)
"4, a (par 6-8) | 4. b (par 9:1)
-9 ¢ (par6.9) = . S 15. ¢ (par 10-2)
6. ¢ (par 613) | 16. ¢ (par 10-3)
7. b (par 6-17) - K2 17. e (par 10-4)
8 d (par 7-1) : : 18. b (par 10-7)
9. b (par 7-3) T . 19 @ (par 108)
10..a (par 7-4) . | 20, & (par 11-1)
‘ - For ft;rthér e’xplanatibn,l see Discussion. ,
8—1
o I | V'-,— T ;28 ' .. Cog
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' : DISCUSSION
Exercise:
1. The HTI-IW system is a clocccl :ystem (2). Very little water is conaumed during

‘opera.tion. which means that only a small amount of make-up water is used practically elimi-
'nntmg boiler blowdown

- 2. The water has 15,840 (d) Btu/cu ft., as shown in Table I.

3. The water would store 71 (d) times more heat than the steam would as shown in
‘Table I. .

-

4. When the temperature nsea to 200° F the denmty dropa to 60 (a) pounds per cu. ft.,

“and the percent of increase in volume rises from almost zero to 2,50 percent. .

.5, An important characteristic of the HTHW system is its simplicity of construction (c)

with the absence of complicated trape and valvee.

6. Fora given size of. line, about 30 times as much heat can be tra.nemitted by water
than ' can by stem For the exercise, 9000 X 30 270,000 (c) Btu.

7. A given volume of ateam is capable of containing & great ammmt of heat (38 t0 70 (b) )

E times thnt of a.u-) and, like HTHW is a good means of transferring heat for long distances.

8. The hlgh-tempera.ture range for moet mxhtary and federal heating plants is 350°

"tb‘q,w F (), which corresponds to saturated pressures of 135 to 425 pai.

The two-pump syatem uses one pump- to circulate the water through the distnbntion

: eyatem, a.nd a second pnmp to clmulate the water through the generator (b) for poeltive cir- -

culation. -

6"

 10. In the cucade heater. the water in forced through epray nozzles, and comes into

" diréct contact with the steam (a), The oteem condenses into the circulating water ‘

‘11, An expanuon tank in reqmred because the water is not compressible to 2 smaller

_ volume, and the water expends when hegted (a).

1R Exccss heat is generated to oflset rwdiant heat loss (d) from the e,xpanslon tank
13. The expe.naion tcnk is independcnt of the generator (c) and remains cool

1. To prevent oxygen corroelon, add the chemxcal o furmah 20 to 40 p;rts of uodium

: snlﬁte per million parta (ppm) of water,

5 000,000

=35 20 ><5-—100b ons
} | 1000’ ‘ (mm) ()8&ll

- 15, Steam at5 pm and 230° F diechargea to the atmoephere ata temperature of approxi-

o '. mately 229° F and at a velocity of about 1500 (c) feet per sccond.

;”‘«1 N T )9 - -
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16, Stea.m at 125 psi and 300° F ix discharged into the atmoaphere at 290° F and a velocis

ty of about 1600 (c) feet per second. Because of the greater expansion that takes place, there .

ina ahghtly greater drop in tempera.ture ‘with hxgh-pressure steam.

17. Water-at 15 psi and 200° F dxscharges thtough a break into the atmosphere at about
the same temperature and at a velocity of about 175 (a) feet per second. Less hazard is present
in this case than thh nteam, because the lower water-e;yeet:on velocity does not tend to ﬁll the
inclosure, , 4

»w 18. Explosion of a steam boiler can be the result of excessive steam pressure created

ing plant. -

»

19. The tube collapses from overhea.tmg when liquid contact is lost on the mtenor of

o‘the tubes for as short a time as 2 minutes (d),

© 20 All pxpmg in an HTI-IW system should be welded (d). No screwed joints should be
' permltted and flanges allowed only where necessa.ry

i,

inside the steam drum (b). When this happens, consxderable damage is sustained by the heat-




T choxce exercwea.

EXAMINATION |
e
: ARMY CORRESPQNDENCE COURSE : ) - ENGINEER SUBCOURSE 566-2
o HEATING AND VEN‘I'II.A‘I‘ING m '
GREDIT HOURS L 2 R |
TEXT AS_SIGNMENT - : - Review previous assignments,
B Exsncnsss |
Bequiremenh Solve the followmg muluple- ' ‘c. “water level in the pan

d. back pressure of warm air

L Aﬁrehnckhnmgumntalledm ' ' N |
‘the-combustion chamber of a steel fur- 4. Which of the following would

. -nace in order to - a furnace" -
» increase flame | 2 sa.nc_l e asbestos o
lb reduce fuel consumptxon ‘ N b mas‘oxiry 4 rubber
¢ act-as heat exchanger » o v -
. protect its wall . . - . 5. Inmstallmgaﬁxrnace,whlchof
:d - W it wall ' P the following would you use to make
. ?.
, 2, .Which of the followmg accounts N sure that the unit {n Jovel ?
for the circulation of warm air in a a. spmt level
grav:ty warm-air furnace? = R Y steel,tqbe
% the blower fan - e
DR c. " T-square .
b. back pressure e
o - : : , d. ma’son’s square .
* €. warm air is lighter than cool air : C
4 s‘etting . S . 6. Which of the following would
o Cee you use to seal the joints of furnace
B 3, Humxdxﬁ,ersan furmces uaually - sections gastight?
" consist of x pan and a float-operated - @ furnace cement
- needle control valve. This valve con- T
 trols the Do b, asbestos paper
T temperature of room . D liquid wood
v b au'ﬂow o o + - d. furnace shims
snmou 2 (NREZOD S P 1

B

you use for a base on which to install




¥

' 7. The croee-eecuonel ﬂue erea. of

'a chimney is 8” x 16”. What is the

_ maximum digmeter, in inches, of fur-

‘nace flue pipe that may be correptly R
2 C

used? ,
‘™ 10 "“”c. 4
b. 12 Y 16

8. W mamtainmg gravxty Wwarm-

_ nr f_urnacee, you would bear in mind.
_ m‘i deposits” on the heat exchanger

" a. increase heat transmission -

b. _reduce furnace dra.ft -

c. insylate it-
X d.Vcreateaxrleake

\

bue” _
',a.‘2 o '_ 0.4

b3 &.5

_ 10. In muntaining A torced wa.rm K
* air furnace, what is:the minimum num-
*ber of times that you would oil the

" blower. a.ud the electric motor bearmgs"
a. monthly during heeting' season
b once ‘each ‘quirter L
A once -exch heating eeason

d. twice eeeh heatmg eeeaon

B & P 'Phesect:one ofacaaj:xronhot- N
- water boiler are joined by . -

o ‘header connectione

b.’ baﬂe;omts

V. e. captcrew plztes

d. adjusting rings.

» 12 “Round caet iron boﬂers are built ‘
in sizes that can eupply & maximum of
~ how many square feet of radiation? -

e You are instelhng a w:rm-axr* :

- conditioning: blower unit on a masonry
~ base. ‘What is the minimum thickness, .~ :
* in’ inches, thet you wouId make thm :

s 1200

‘e 1700

b. 1500 &m0 -

18. Which of the follomng would
you use to calibrate 2 pressure ga.ge"

a. airﬂow ewiteh ' ' ‘
b deadweight beeter
G water level control valve

/ circuletion pump pressure ’ R

S 14, You' have cleaned t.he inside of

- aboiler with a stream of hot water from
. a hose,~ You dry the inside of the boiler L

_ thh'

& bmlers burner

,...-:-b. large fan
o compressed air
R N kerosene stove

15. In inlt.allmg 3 one-pxpe open-

 tank gravity system, you located the
- larger radiators at the end of the eys-
L tem in order to - .

o 2. equalize heat radmtxon

B 15Q°

'b. raise water temperature
e lower water tempeuture ’
o a decreue rate of water circulatxon

: 16. The open gravity hot-weter sye- .

tem is designed to operate at the maxi- -~
" mum boiler temperature of 180° ¥, This .

gives an average radiator temperature a
Fahrenheit of ‘

c '}' 170°.

b o160° a0

'-a.dmly

u

: 1"1‘ A. unit heeter is one used to

" heat a localized area. How often ehould

you mepect such 2 heater?
‘e every 2 week.e ,
b. weekly * o menthly

-




‘,a.daxly

© 18, ‘How many valves are in the
‘water . circulating. pump of a. forced

hot-water heating system?.
a.t 6o e 2
-_' d. 3 . .

19, How often should you che¢k the
control valve in a forced hot-water
ulating mtem’ S

G monthly

b weekly | d: "bi-’mbnthly

20, Hot-water heatera are glau_

| . lined in order to
. -_a_., atrengthen tank wall
- b. prevent heat loss.

e resist corrosion -

. d‘.' maintun water temperature

!

o1, At what Jevel of Fahrenheit -

" temperature does the HTHW system
maintain its water" : :

. s oat210°  c.at212°
b helow 210° .

22, 'When water is at a tempera.

: ture of 300° F, what is its approximate
. ‘density in Ib per.cu £t? '

s 49 55%

| 'b‘ ‘52 a4 571,4

‘928, Water at 100° F is mcreaaed in

temperatureto300°F What is theap-

proximate percent of increale in water
rvolume"

24, Which of the followmg is the
-factor in the ‘system that prac-
ticaﬂy eliminates intemal corrocion’

R high-pH alkalme water Coe
b low-pH alkaline water

L*r:

¢ pressure reducing: mve. B

".d. - above 212°

'H'I‘HW system is its.
" ‘s high energy content

- d. . slow rate of corrosion -

d. . rapid/ ablorpuon of addltxonal oxy-‘
: gen ’ .

25. The heat in the HTHW system

is about how many times greater than

‘the heat in the steam system?
a0 e 30
b 20 T

26, Water is ahout how many times
as heavy as steam? ‘

. & 3 e T
b 5 A

97. The water used in the HTHW

' .heatmg system is drawn from the lower
part of the expansion tank. It is mixed -

with the system’s return water, and

 circulated throughout the system. This
. mixing is necessary in order to -

" facilitate cavitation
' b reduce gas pressure
e prevent cavitation .
d reduce corrosion

. 28, In starting up the HTHW sys-

tem, you would fire the boiler at what

- percent of 1tl rated capaclty'*
. &-.10 e 20

Tb.u15'_f a5

29, ‘The specific kind of fuel used in,
firing the boilers of HTHW systems de-

pends upon -

~ 8 type'of ﬁrmg equxpment
"'b. location of the heating plant '
"¢ size of fuel storage area

‘d. amount of impurities i the water'

30. A slgmﬁcant advanta

b. relative safety

c generator tubes
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4HE GOAL OF Memorandum %566 of this course is to present a description
of warm-air Systems, domestic hot-water heating systems, and high-
. o . temperature hot-water heating systems. To make this relevant to your
e © . .Army career, we focused the discussions upon installing a.nd maintalmng WaArm- « -
S air and - hot-water. heating systems,

. ‘'We have tried first to establish the prmc’ples for the heatmg system and then
- ‘to describe the various.types of furnsicés for the system before we discuss
inutallation and maintehance. 'We follow mych the aame ordgr of presentation
in our discussions of hoilers, heat-carrying m pressurizing HTHW systems,

piping ;ystem-, and safety “aspects -of HTHW heating

Keep this memorandum for your; future use -

—
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HUNDRED YEARS ago, ﬁrcplaces and

potbellied stoves were the most. common
, heatmg §ystems. Now, as heating systems; they

are symbols of the past. As living standards rose,
; heating systems 1mproved Today most bmldmgs ‘

are heated by warm-air systems. -

. 2. The military uses both' wurm?air and
firgt syntem '

hot-wuter
" the %0

esting systems. ‘For the
¢ of heat is either the gravity warm-

o aie furnaee or the forced warm-air furnace. For
" - the second, the source is the ‘hot-water - boiler,’
Your job is to install and to maintgin these

- systems, We vnnt you to understand both sys-
- tems Co

PR Warm-mr heatmg systems are. of two types '
- —gravity warm-air and forced warm-air. Our first
chapter tells you how. these systems work and -

. Warm-Air Heating

T Gruvny Warm-Air Hecmng

<o . CHAPTER 1

how to mstall fire, and mamt’am the furnaces
for these - systems. :

System L

1-1. In the gravxty warm-alr system, natural

: ~convectxon causes circulation. The circulatiod =
takes place because: of the difference in weight

between warm air and cold air: Warm air is nghter
than cold air and rises when cold air replaces it.
A typncal gravity - warm-an' heatmg system is 111u5o

: tfated infigure 1.~ "~ T | .

212, Operating a gravnty warm-air system de-

,-"'PcndsJ on the size and location\of the air ducts, ’ .
‘the heat Joss from the bmldmg, the heat from the '
‘furnace, and the difference in the temperatures

) .
LB

/ / ° WARM=AIR

- F“//,/ REGISTER

-

COLD-AIR
“RETURN
REGISTER:

. Figure L

typ:cal grmily uarm-mr lmmng :y.mm

¥
7

«

Sy




ERIC

Aruitoxt provided by Eic:

T \Tthe warm air and cold air. The most common

i

cause of unsatisfactory -operation is insufficient

" duct area, usually in the cold-air return ducts.
_The total “cross-sectional ares of all the cold-air -
“ ducts must be at least equal to the total cross-

-sectional area of all thg warm-air dugts.
1-3. Thé furnace for the gravity warm-air heat-

“ing system must be lower than the warm-air

* registers. The gravity furnace is~usually in the

basement. It needs at least 24-inches of clearance -
between the plenum or bonnet and the ccnhng_

~This minimum clearance allows ducts to be in-
stalled with ‘at least 1 inch of upward pntch per

* linear foot and leaves room for proper air circu-

lation.

14, Grav:ty Wﬁnn-A:r Furnaces. “Gravity .

warm-air furnaces heat air that is later distributed
through ducts to warm the individual - rooms.
As the air is heated in thk furnace heat €x-
'changer, it expands and becomes lighter than the

cool air returning to.the furnace. The warmigd
air rises and passes into the ducts which are
connected to the top of the furnace. The ducts’

are usually sheet metal pipes that rise continuously
from the furnace to the warm-air registers from

» _which“the air is: rplcascd mto the space. to be
" heated. - . s

145 Gravxty warm-anr fumaccs are constructed
of -either cast jron or steel, Cast iron’ furnaces are

constructed in sections which are made gastight

"with ‘ashestos-rope packing and furnace. cement.
The cast iron furnaces usually include a secondary
heating chamber or radiator which is in the shape

of a hollow doughnut and mounted on top. ‘Fig-

.re 2 illustrates a cast iron furnace, Steel fur-
naces cre made of welded heavy-gage steel with
~ a firebrick lining in the combustion chamber to

FURNACE Mt . 'a&— " HAND REGILATON-
* COLLAR FON . IR . ’
“m“"“ nmﬂvgn' secran
. fRoNT - A S oy SMORERIPE .
s 7 omarrcueex ©
_V“FIM:D‘.OOQ L )
ONAFTO00% : [, COMBUSTION CHAMNLK
L ' : WL ueeenimesor sterion
' ‘ E] : - ‘ L d casinG G -
waremeAs 1y Y LOWEN FIRE PO slzcmn'
® ASHRIT DOOR. N JONTS CEMENtED
- Q CES | cotb mm swae
. oearrpoce h . . -~
’ —" T casme
' ._m/ . B s — T S CASING LINING
FEEONECK  ASnmt” CASING NING

GAATE ln_ns -t

Figure 2,'A cast iron furnace.
DI . AT 4 o
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.

ADIATQR COHIUS‘HON

~CHAMBER i3\, nuénmqgn PAN

CONNECTlNG COLLAR
TO RADIATOR X

SMOKEMPE

HEAT -
- EXCHANGER -

CASING

@

Figure ,3. QOne type al steel furndce,

secondary Heat exchangers at the, back or side.
The heat exchangers may surround the furnace.

_These furnaces can be designed to burn. all. types
-of fuel. One type of steel furnaCc is shown in -
»flgurc 3. oo

1-6.. A major concern f proper heatmg, next - .
- to temperature, is that of humidity in. the air. ‘
Conscqucntly, an important - device called the !
“humidifier is used to keep the heated air moist.

The unit is an important .part of every warm-air

v BONNET - i : v
weat outLET/ - @ ' ?‘“ ouTLEY '
s == D

~ protect its wall.: T hey also have “one or more -

heatmg system, Unless you -add moisture to the .

~air during the operation of a warm-air furnace,

the air-is' very dry when it enters the spdces

being heated. The Jack-of moisture has its adverse -
effect on the health of the people in these heated
- areas. The dry air draws moisture out of the wood

furniture and equipment, causing them to crack.

- Manufacturers install humidifiers on their furnaces
+.., as standard equipment to eliminate the lack of
moisture in warmsair hcatmg systems. These hu-
midifiers are usually of the pan type. They con- -

sist of a pan and a float-operated needle control
valve. This float and necdle valve control the
water level in the pan. The dry warm air passing

_over the surface of the water in the pan absorbs
. some - of the moisture. This acuon causes the air

to be more humndu

1=7. With this increase in humndnty, the peoplc

are more comfortable in the heated rooms at

. lower temperatures than .if the air is dry at hngher
temperatures. Yeou will note that the furnace in

figure 3 has a humidifidr pan. Unless the water

" -used in these humidifiers is comparatively free
-from ‘minerals and other foreign matter, the hu-

midifier pans. will requu'c frequent attention. The
minérals and foreign 'matter collect on the float

- assembly and needle valve, causing the valve or
'the float to stick open ‘and cause floodmg The

~




- float or valve may stick closed and prevent water
from entering the pan,” .. - o e

7 1.8, Installing gravity warm-air furngees. You

should install gravity warm-air furnaces in ac-

" cordance with the blueprints, disgrams, and other

instruction furnished by the manufacturer with

- each furnace, You should alsa be sure that the
~ furnaces are installed so that they comply with™

- Pertinent poat directives. Because there are many
~.types and makes of coal-, oil,, and gas-fired
furnaces on the market, detailed assembly in-
structions to“Suit all of these makes and types
are not published in this memorandum, However,

'+ paragraphs 1-9 through 1-20 give you some gen- -

~ ~eral installation requirements ‘that apply to all
warme-air furnaces, :

19, Read ard study the assembly instructions
that come with the furnace. Each piece of casting

- is manufactured to fit in its proper place. Parts of
onc type of furnace are seldom’ interchangeable
with parts of other types of furnaces. - S :
1-10. The furnace must be level and on a solid(
masonry basc. Do -not install the furnace . on a
‘base _constructed of wood or- other combustible,

., ‘material. Jf the masonry. base is ‘uneven, level

- vthe furnace with ‘steel or cast iron wedges (shims),
or-with the leveling bolts on’ the furnace. Always
use a spirit level to make sure the unit is level.

. I-M.There should be cnough clearance for -
" ‘easy access. for making repairs. Leave at least

" 18 inches between the furnace and a wall con-

_ Structed of wood. or other combustible -material. |

-/ 1tis 2 good practice to install ‘asbestos boards
:~.0n'a wooden wall next to a furnace., This reduces
.. the fire hazard, With masonry walls, ‘the units
* may be installed nearer the walls; however, leave
~-enough room to permit proper servicing. . Give
- -special attention: to “ceiling -clearance. Cover. the’
ceiling above the furnace with asbestos sheets
or aspestos' paper when the top of the furnice
dsglose to.the ceiling. ~ - . oo
-~ 1-12. Joints . should be sealed with liberal
amounts of furnace. cement -between the sections
.. Jto insurc. that the furnace is (gastight. Furnace

. cement is furnished with cach cast iron furnace. -

. Asbestos rope is also' furnished with many _fur-
© nages-for certain applications, Follow the manu-
. facturer's instructions covering ‘its use. See to it

‘that projections from the furnace, such' as smoke-

* pipes ‘or cleanout doors, extend through the out-

side of the casing. - -

1-13. Bolts' must .be tightened with - care. *.

- Tighten' each bolt’ until almost tight. Then, after

you have installed all the ‘bolts, gradually tighten _

cach one until all arc uniformly and . properly
tight. Drawing bolts too tight cracks or breaks a
. casing or buckles ‘a steel plate. v

C 1414, thwe furnace js assembled, ail doors

’

t

must be checked for free operation and a tight
fit. Air leaking around: the doors, reduces com-
bustion efficiency. Check the grates in coal fur-

naces for: free movement. To install ﬁrepr‘ick,.

follow the manufacturer’s instructions.

- 1-15. The furnace ¢casing, bonnet, and gravity-
return’ air. shoe must be installed according to. the
manufacturer's instructions. Fasten the casings or
panels sccurely. If they arc interlocking, you
~should sce that they are set properly in piace

- and-are -airtight. If there s no botiom floor panel . -
(gas or oil), grout the casing to make it airtight.

Do this” by -chipping and wetting the floor and
. then using a liberal amount of cement mixture. If
- Yyou use a circular casing, strip the joints with
asbestos paper to make them airtight. Use asbes:
tos-rope or. a drawcband collar to make the
connection - bet ~the flue and the ‘cleanout
--_airtight. If baffles are furnished or recommended,

- install them in accordance with the manufacturer’s -
_e~Jecommendations. When installiig baffles, take

are to. provide the . proper distribution of air
over:the combustion chamber and radiator. Chetk
and cracks. ' S _
1-16.. Only the downdraft diverters that come
with the equipment should be installed. Diverters
-are developed for “individual furnaces, so you
should never use diverters; of local manufacture

‘the heat exchanger. before installation for leaks -

heating unit. Downdraft- diverters ar¢ built into
.the furnace or ‘more commonly installed in the
~‘gas flue close to the.furnace. These diverters

.- prevent  excessive chimney drafts - from- going

through the furnace and affecting combustion or
-even extinguishing the flame. They also prevent
downdrafts from reaching the flame.and interfer-
ing with- combustion. Air.is taken into the flue
through the diverter in the casc of excessive draft,

~ and expelled from the flue” through the diverter- -

in the casc of a-downdraft without ever gotting

into _the combustion chamber. A view of the

_ downdraft diverter can be seen in figure 30.
- -1-17. Vénts or smokepipes should be at least
as large as the” smokepipc outlets on furnaces.
Install ali horizontal smokepipes so that they have

. & pitch of not:less than 1 inch per linear foot,

as illustrated in figure 4. Fasten a‘vent or smoke- -

- - pipe to the furnace with at least three sheet metal
screws.: . ., o

I-18. There should be a tight fitting cleanout'

~ for coal -furnaces at the point where the smoke

collar extends through the furnace casing, as show

- in figure 4. Usually the cleanoits for this location

are provided by the manufacturer. Install a check-

draft inthe smokepipe, usually 18 to 36 inches

- from the smokepipe outlet of the furnace. Also,

install the checkdraft with its hinges at the top of

- the pipe for easy lifting by a motor damper chain.

3 . n ,.J" ;

c -
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uniess they have been «calibrated for the specific -
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1‘19. ’l‘he furnace mult have an adequn.te chim
ney. Godd chimneys are built of steel, brick, or

installed. The smaller diménsion of a rectangular

~ chimney niust be at least two-thirds the furnace
flue diameter. To be sstisfactory above sea level,
. the ayéa of the chimney must be increased 4 per-
. cent for eacki 1,000 feat of altitude aboge sea level..
. . Figure 4 shows one type of outside chimney. -
~ Ypu should make sure that the chimney is equip-
- ped with a soot and dirt cleaiout at the base.
~ The upper part of the chimney is often construc- -
" ted of ‘@ metal section that terminates with an'
- appropriate hood. You must check to see that
- the chimney height at least meets m:nufaeturer'
_ recommendations, Even 3o, the -chimney must
o never ‘be less than 15 ﬂet high, and alwa.yu

s

cxtend at: Ieast 3 fet above the peak of the .

v - raof.

_ other: material approved by the office of the -

- . Facilities Engineer, Measure to insure that the
" chimney has s cross-mectional area equal to.or

" larger than the flue outlet of the furnsce being.

An opening having-

the floorline wheriever possible. In addition, you
should.” provxde two* louvered openings i the
ceiling, ofie as ciose to. each end of the furnace

openings. should have a . frcc air area of at least

© 200 square. mc)-zes each. . v
1-21. Firing gravity warm-mr im‘naz es. Gas-

and oil- flreq/ gravity. warm-air heating systems
usually have’ automatic controls. for both the fur-
nace and ; el supply, and; conscqucntly they do
not reqmrg firemen for opemnon

: "l~22 /Mumlammg grmnv warm-uir lurmu es,

40

1-20. The . furnace room must be ddcquatcly-
ventilated to supply cnough air for combustion.
I squarc inch of, free-air . -
area must be provided for each. 1,000 Blu.per;

- hour of furnace mput rating with a minimum of
. 200 -square mchez Locate the opening at or near .

{

_rcom_ as. possible, to ‘expel flue gases. These . -




You should inspect and maintain gravity warm-

air furnaces according to a schedule prescribed
for such furnaces by AR’s or the local command.
Inspect the roofjacks as well as the amokepipes
from the Inside az well as the outside of the

building. Replace any noticesble deterioration,

such as = rusted hood, roofjack, or fluepipe.
-Replace the roofjack guy wires if they are badly
. rusted, Check the chimney for cracks and holes,
" and repair any defects to eliminate air leaks.

- When cold air enters the chimney and dilutes the.

. warm air, it reduces the draft. All soot and fiy

-ash must be removed from the chimney and flue

cleanouts. .Inspect the draft dampers for proper

operation, and check the draft diverter for soot
accumulation. - L -

1-23. You should check the heat exchanger
surfaces for warping and rusting. Replace the units
if they are unserviceable. The firebox doors, door
- hinges, and latchis should‘be check&d for damage,
~ and any broke#t:‘parts should be replaced. Seal all
" of the casing joints with asbestos type calking com-
pound. The grouting around -the base of the

furnace should be inspected and repaired if nec-

essary. Clean the futnace heat exchanger and the
fluepipe surfaces,with a vacuum cleaner. Deposits
on the lgeah.excl*ahger insulate it and reduce its
ability to, transmijt.heat, . = .

- 1-24. You should inspect the furnace room for

~cleanliness and notify your superior of any com-

- bustible materials found. there, such as - rags,

- papers, and boxes. Also, see that the performance
- chart is posted and that it is readable. S

e ¥4

v ‘ N cer -}

1-25. It the furnace has a humidifier, inspcct/'

‘the float for water leaks. If there is water in the
float, replace ‘the -unit, Check the needlé valve
for scale deposits and other obstructions. The
valve seat is cleaned with a sharpened wooden

match or similar soft material. Replace the valve '

stem and the valve scat if the valve does not
close tightly after you ¢lean it. - g

~ '1-26. You should check all electrical switch‘es_r
to see if they operate correctly and inspect the

electrical adjustments or repairs, _ \
1-27. Air Ducts for Gravity Heating. The air
ducts of a warm-air gravity heating system carry

electrical wiring. Make out a work order for any

.the warm air from the furnace and cold air to -

the furnace.- The air ducts are large sheet-metal

- pipes constructed of lightweight galvanized metal

to reduce weight fo a-minimum. The metal pipes

‘are_covered with a thin layer of asbestos paper.
. to reduce heat loss through radiation.

1.28. Installing air ducts for gravity heating.

Space warm-air «ducts or leaders. coming -from

the furnace evenly around the bonnet of the
unit for efficient: heat distribution. A leader

usually has a damper in the first length of pipe

attached to the bonnet, as shown in figure 5.

" The warm air. is taken from-the casing hood or

bonnet of the furnace through the leaders to

the register box for the first floor, as shown in -
figure 1. The warm air for the second floor -

flows through a vertical, rectangular wallstack,
inside the wall partition, and also terminates at

- the register box. Install the register boxes either

MASONRY WALL

- : :3- METAL THIMBLE |
NN\ ‘ ' COLLAR
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Figure 5. A typical leader installation for graviry warm air.
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» -in the floor or the inside wall near the baseboard.
The warm-air is discharged through the warm-air -
registers, which are 'set in the register boxes.
The registers usually have some type of shutoff -
mechanism. Leaders and fittings can be mass

produced or fabricated specifically for each job. .

Use prefabricated leaders and fittings made of
- asbestos to reduce the danger of fire.

1-29. The air supply for the furnace is the
ool air that comes from the area inside the
heated building. The “air is usually picked up
before it sprcads and causes objectionable drafts.’
The air is then conveyed to the base of the
- furnace through one or more cold-air ducts, also,
shown in figure 1. These ducts are somctlmcs,a
referred to as cold-air returns, and they are usually
much-Jarger-than the warm-air ducts. In some -

- cases, where the ventilation rcqu:rcmcnts are high,.

some of the air is brought in from outside the
building. e

- 1-30. Air passagcs that form portlons of cold-

- “air returns can be included-in the building plans,

and you can construct them on the job from

other materials. When you construct them, how-

. ever, make. the construction reasonably airtight.
~-As a general rule, you should not equip the cold- .
air returns with dampers, since the cold-air returns

are normally constructed in correct propomon to

the warm-air ducts. -,

- 1-31. - Almost every warm-air hcatmg systcm
: _requxrcs adjustmcnt and balancing of the airflow.

going to various outlets before the heat is evenly °

distributed. You can balance the heating system
~ by adjusting the dampers in the duct branches -
~ while the furnace is in’ full. operation. Continue
balancing until the desired temperature is obtained

"+ in each room. You can also use a velometer or

antmometer to balance the gravity warm-air sys-
tem by followmg the manufacturer's. instructions.

used in mllltury installations, It ia not recom-
mended except under unusually favorable condi«
tions, such as in a building with a basement
which has adequate headroom and which is ar- -

_ ranged so that the furnace can be centrally lo-

cated, Because of the advantages of the forced

warm-sir lyltem. it i more common.

If you ever need to furnish additional heat to

' some portion -of -a building at the end of a long -

- duct, balance. the butterfly valves in the other
warm-air* pipes to favor-the dcflclcnt one.-If this

does not work, mstall a boosteér fan in the dcf1~.'

' cxcnt duct to forée the airstream. _
1=32. Maintaining air ducts for gravuy heatmg
_Gravnty cold-air and warm-air ducts rcqulrc very
little maintenance. So that the warm air flows
-properly,” clean. the ducts with a vacuum cleaner
once each season. Replace the asbestos covering
- which has loosened. Check the dampers and
the regxstcf shutoffs for proper operation. All
air leaks in the ducts should be repaired. You
“should make a check to see that each pjpe is
_in true alinement, and insure, that it is fastened
' rigidly to some portion of the construction. '
, 1-33. The gravny system with warm-air and
cold-air return. plpcs or. ducts is not generally'

.

2. Forced Wurm-Alr Hecmng System

2.1, The prmc:ple of dcslgn used for develop-
ing the forced warm-dir heating system is pri-
marily the same as that for the gravity heatmg

- system. Both systcms -require a_heating unit: or-

fumacc, warm-air, pipes, cold-air returns; .and
registers. The difference between the two heating
systems is in the, method of circulating the air."
Gravity caus¢s the: air to circulate in ‘a gravity
system, while an clcctnc blower or fan causes

__.the air to cnrculatc in a forced warm-au' hcatmg
system. .

2-2. One common type of forced warm-air

heating system, which is showrt in ﬁgurc 6, illus- -

trates a‘few other minor differences in layout
Ong advantagc of the forced warm-air system is
the ‘smaller size of the horizontal warm-air ducts.

-and cold-air returns. Forced air makes such a

»

reduction in size possible. The sloping of the '

. pipes so the warm air can rise is not ncccssary,
‘because it is forced through. Each warm-air duct

is equipped with a register damiper that controls

" the: amount of hot air deliveréd to a room.

2-3.. Notice, too, that the furnacé in°the base-

—<FURNACE

Figure 6. A Iorccd warm-air heating system.

42

- ment is not centrally-located, as it is in the gravity -~



system. (See fig. 6.) The central location is not
necessary, because the air is forced by the fan
into the rooms. In fact, this advantage allows the
" furnace to be located on the same floor with the
_rooms to be heated, because the fan or blower
insures that warm air reaches all 6f the rooms,
2-4. Forced Warm-Alr Furnaces, The furnaces.
for & forced warm-air heating system are manu-
factured in a variety of designs that are similar
to the gravity warm-air units. The warm-air con-
trols used with furnaces that burn various types
of fuels were discuseed in Memorandum 565. The
discussions there pertain to coal-, oil-, and gas-
burning equipment, The coal-fired furnaces are,
in general, similar to the diagram shown in figure
7. This diagram shows the component parts of
_the heating unit as well as the circulation of air
through the unit. : '
. 2-5. Oil-fired forced warm-air furnaces also are
manufactured in many different designs. depend-
ing upon the type of installation required. A typi- -
cal oil-fired forced warm-air furnace is stiown in
- figure 8. L : ' '
2-6. A gas-fired forced, warm-air furnace is
shown in figure 9. This is a vertical type upflow.
furnace. It is frequently installed on the same
level as the space it serves. Warm air is dis-
charged vertically  from the top, and cold-air
-return ducts’ are brought in horizontally near
the bottom of the furnace to promote the, circu-

WARM.AIR DUCY

lation of air, Gas forced warm-air furnaces are

“also of the horizontal type. The horizontal type

of furnace requires little space, and it is designed

for installation above the ceiling or under the

* floor of the space to be heated. Since the fur-

nace occupies little spuce, it should be located
so that there is proper accgss for servicing.,

2-7. Installing forced warm-air furnaces. Install
forced warm-air furnaces according to the proce-
"dures and diagrams issued by the manufacturer.
Since the installation procedures for forced warm-
air furnaces are similar to those for gravity fur-
naces, we recommend that ‘you review briefly
the general installation requirements for the
gravity warm-air furnaces mentioned previously
in this chapter. -

2-8. Most warm-air circulating blower units
are built as part of the furnace by the manu-
facturer. You should bolt such units to a masonry
base that is at least 3 inches thick and that
extends at Jeast 12 inches beyond the furnace
casing. However, if the blower unit must be
mounted separately, fasten the blower and blower
motor to a masonry base in true alinement. In-

stall the filters on the inlet side of the casing so

that all of the air
fan. . .
2-9. The cabinet, housing the blower unit,
should have doors so that you can easily oil,

is filtered before entering the

adjust and repair the motor and blower, and .
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w. Filters
k. Baffle liner.
* ¢ Cabinet ’ :
~ d, Flame' cbservatisn deor
». Rodiating surface:
.. Burner compartment -
9. Qif burnet
- R, Oil burner baye .

i

-1, Furnoce hase

j. Combustien chamber moummg
k. Aitight stael floor . °
1. Asbestes cloth seal -

m. Blower fanwheel

‘n, Blawer :

¢. Adjustable speed pulley

p. Electric wiring” (underwriters - Iubcrulory uppmvcd)
© . o Electric moter

F:gure 8 A 1ypcml ocl'[iml forced warm-air farnacc

be reasonably we!l conatructed to prevgnt air

'Ieakage. '
2-10. . Firing forced warm-azr furndaces, Forced '

warm-air furnaces are fired in the same manner
ag the gravity warm-air furnaces. We mentioned

'replace the air ﬁlters. The complete unit must

- the methods used to fire gravity, warm-sir fur- |

- naces previously in this chupter. :

2.11. Maintaining forced warm-air [umacea.

. Since we discussed maintaining stokers, oil burn-
.ers. and gas bumers in the memonndnm covering .
thm unit-, thxs discuuion of mununance tlu.t, ,

K}

follows pertains to the furnace asa umt. Forced- :

warm-air furnaces should be inspected and main-

tained in accordsnce with- the manufacturer's

recommendations, pertinent Army ‘regulations,
and 10cal. post directives to comply with the
mandatory requirements and .obtain efficient op-
eration. Since the maintenance requirements for

- forced warm-air furnaces are almost identical to
_those for gravity warm-air furnaces, we recomi-
. mend that yoit review the paragraphs covering

these requirements. However, instructions that
pertain primarily to the maintenance of forced
warm-air furnaces follow:
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a. Seal all "'bl_qwcr,j casing - joints with asbestos
tape. or caulkirig compound. Inspect the grout-
ing around the base of the blower and furnace

casing to see if it is' damaged or missing, and

make any necessary repairs,’ , .
~b. Inspect air filters at Jeast once each week.
~ You should clean or replace them -whenever
they need cleaning or replacing. Dirty filters re<
duce airflow, impair heating performance, and
increase fuel copsumption, - L -
c. Check: throwaway filters. Hold . the filter -

- against the light; when little or no light shines
g:ould not

. through the filter, replace it. You
wash and recoat these {ilters. They uSually con-
sist of a graduated filtering medium most densely
_packed on the outlet side to increase the dirt-
holding capacity of the filter. When you install -
this type of filter, make certain that yow place
‘the filter with the. denser filtering medium- on the
outlet side, These filters are usually marked to
proper direction of airflow through

them.

d. Renew cleartable - filters. Wfa.éh‘th'em' in a
_ strong nonflammable solvent and allow them to -

FILTERS

NONFLAMMABLE
"SOLVENT

b

Figure 10. A typical filter washing and drying

station. ’

should then recoat them by-usirig a hand sprayer.

Filters are recoated only with an adhesive speci-.
- fied for this purpose. The adhesives, which are

available through filter manufacturers, should be
adorless and fire resistant. The coatings should

4

'

dry thoroughly, as shown in figure 10. You

- DOWNDRAFT
~ DIVERTER

.
. HEAT
EXCHANGER
‘COMBUSTION }
- CHAMBER
! 1 " . .
—. BLOWER

FILTER <L

Csa750.3.09

have a~high capillary attraction or ability to be-
come wet, hold dust at all operating temperatures,

prevent mold formation, and evaporate moisture

slowly. - S
~e. Oil the blower and electric motor bearings
regularly, at least twice each heating season.
These bearings are usually fitted with oil cups.

Use the oil recommended by the manufacturer.

‘Do not. overoil the berings, but oil the bearings
_-sufficiently; otherwise the shaft will seize in the
bearin~s and stop the motor and blower.

f. -The electric motors are mounted on adjust-

‘able bases to permit better adjustment of the
~ . blower Lelt tension. Unless & manufacturer specif-
- ically recommends a tighter adjustment for this

purpose, adjust che base of the motor sothat thers

is 114 inches te 214 inches of play in the belt, as
illustrated i» f. rure 11. You should make certain

-that bou! pt 'es.wheels are in perfect alinement,

PULLEY
+ITATION
e} " puLLEY

- -
Coe AIRFLOW o ADJUSTASLE
- <= PLAY IN SELT MOTON SASE

7

.. Figure 9:‘,.4,‘tyﬁical gas-fired upflow forced
.0 -warmedir furnace. )

ioréed air blower fan belt

Figure 11. A
. installation. ,
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. - . ARROWS INDICATE WARM AR 1EING DISCHARGED |°
- o FROK DUCTS, BLANKETING ROOM WITH HEAT
_ 2ND FLOOR COLDAIR . - , :

N 3 . ' - m B .
P — = — —
AR’ " {' 1 | e A
* {l1s HEATED , -
{|BY FuRNACE - COLD AIR PULLED OFF FLOORS
ik T—"\ _5) kL4 AND RETURNED TO FURNACE
¥ —BLOWER _

Frgm'e 12, A lypual forccd uarm-arr dm:t layour for a mo~slory barracks.

, 2~12 In actual opeération; an electric ‘motor
turns the blower by means of'a V-belt. ‘As the’
blower turns, the cool air flows through the
mters whxch rcmovc the dust and dirt. From

it past the firebox to the heat exchanger of the .

furnace where it is heated. The heated air is then

- forced info and’ through the warm-air ducts and
into the various rooms. As more air. is. forced

_into the rooms, the cold air there flows back to

- the. furnace through the cold-air returns -and
. starts another cycle.

- Ducts for Forced Warm-Air Hcanng :

2-13.
The air ducyg for forced warm-air heating systems
are usually Mctangular in shape, However, you

._may use round Mucts whenever they are necessary.
With a positive}pressure “blower, you may use

smaller, ducts gad extend the system to heat Targer

areas without sloping the warm-air ducts. A forced .
" warm-air duct layout for a two-story barracks

is shown in figure 12.

~ 2-14. Installing- air ducts for forccd warm-arr
heating, Air ducts for forced -warm-air hgatmg
systems, like the ducts for gravity warm-air sys-

“‘tems, are constructed of sheet metal. ‘They are”

normally construcgcd in the sheet metal shop: in

“accordance with given specifications. The cross-

sectional area of rectangular warm-air ducts is
Jarge at the furnace, but it gradually -tapers at

the end. Air ducts usually run from the furnacc
through partitions and-along the ceilings of hall-
 ways and rooms. The cold-air return ‘ducts for
" a forced warm-air heating system are réctangular
. -and much-larger than the warm-air ducts. They
 are usually short since the hallways of the build-
[ ings serve as a cold-air return. Both. the warm-
‘air and cold-air ducts are usually hung from the

ceiling with metal strappmg When you install air
ducts for forced warm:air heating, leave an air

“space between the ceiling and the ducts to reduce ,

the possibilities of fire. Equip warm-air ducts
for foreed warm-air heating systems with dampets,

,shut_offs,_ and rcgrstersv to control- the flow of -

~ AIRFLOW

warm air. Figure 13 shows azdiagram of a volurne
damper "You must,- of course supplement these
instructions by reference to the pertinent Spcclfl-
cations a H\Qlucprmts, ’

2-15. Maintaining air ducts_for forced warm-
uir heating - and -balancing the system. The air
ducts for a forced warm-air heating systém arc
quite trouble free and require’ very little main-
tenance. Vacuum clean the ducts once cach sea-
son. Check the dampers ‘and other air controls

for proper operation. Figurc 14 shows a-tliagram

of an,air duct with a splitter damper. .
2-16. When the splitter damper handle is bent
or the damper shaft is twisted, it is difficult to
determine the exact position of the damper,’ be-
cause it cannot be -seen. In such a case, the

" damper may be madvcrtently positioned to shut
* off the flow "of air to one of the ducts. During

maintenance services, check. such -dampers -for
correct alinement. All of these dampers should

‘have a locking devicc and some means to mdrcatc

their true position.

2-17. "After you check zhc dampcrs for proper
operatlon and true alinement and the- system is
in full operation, you should balance the system -

VOLUME
DAMPER

Figure 13. A diugram of a volume damper.
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by adjusting th_e_'d'nhpen_'in the duct branches
“and stack leads. Continue balwncing until you' °

obtain the desired temperature in each room.

-This procesg is referred toas the trial and exror’

. method.

11

2-18. You can also. balance the system by
usmg a velometer or an anemometer, You should

.regulate the dampers until the air from the regis-

ter is about 50 feet per minute. Take this mes-

. a_uj;ement' about three-fourths of the distance '
away from the register to thgﬂoppo'-itewall '

El
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 LTHOUGH THE'ho_t'-watcxf"syStem does not
' rcplac‘e the warm-air system we discussed in
the prcvnous chapter, it has-many advantages over

~ the warm-air system. Air is not the most efficient
." heat carrying medium: both hot-watcr and steam
carry more heat than air. Like air, water and
. steam may be heated at a central source and
. carried throughout the building in pipes. But un- .

CHAPTER 2

¥

- ‘Domestic Hot-Water Heating

3-2. Some types of hot-water boilers may be

.classified as package boilers. Most package boilers

. hooked to
‘erally one ‘with a self-contsined firebox and is

like air, the water and steam are never-open to

the atmosphere. The hot-water system, then, is
. better. for buildings such as hospitals where the

air may be contaminated and should be cnrculated o

- as little as possible,

.2, The military uses both. cast iron and steel
hot-water hoilery as sources of heat for domestic
hot-water systems in residences and other build-

3. In this chapter we tell you how cast iron

_and steel hot-water boilers work. We discuss two-

" ings. Small hot-water heaters heat the hot water
- for domestic and for limited industrial uses, . -

are steam boilers. Package hoilers have most of
the ‘boiler accessories mounted on the same skid
or platform with the boiler, and they are aIready :
e boiler, The package boiler is gen- .

somewhat portable. This sccounts for the term
“package boiler.” - Package hoilers ulually have
the same accessoriey and controls as the compa-’
rable stationary type of hot-water or steam
boiler, Cast iron boilers are seldom used as pack-
age hoilers because of the danger of cracking the

boiler sections during transportation, You read ‘

about automatic controls for boilers in Memoran.
dum56'50fthucoume Theyarediacmedinthe '
sections on burners, hecause the burners sre di-
rectly what they control. You also read- about -

-draft, air fuel ratios, ignitlon, safety shutdown,

o types of hot-water distribution systems with you-~ .

;3. Hot-Water Boilers -

" boilers, however, called package  boilers;
.»camplete units, including the fittings and acces-

stallation, operation, and maintenance. of the
boilers and the distribution systems. Finally, we
discuss the hot-water heater, how it works, and
lighting and mamtalmng it.

.

3-1, Hot-water boilers come. in many shapes

- gravity and forced-circulation systems-——the in-

and pressure controls.

+3-3. ‘Cast Iron Hot-Water Bonlers. Cast iron
hot-water boilers vary ir ‘size from-small domestic:
units to moderately sized units capable of develop-

- "ing about 30 horsepower. These. boilers are usu-.

afly constructed of several sections joined together
by some form of connection. Push nipples are one

- kind "of connection. Push nipples are normally

round pieces of metal pipe tapered at both ends. -

" The boiler sections arc ordinarily also connected

‘and sizes. They  are constructed with a firebox
" for burning fuel and have provisions for passing
- the hot gases over the heat-absorbing surfaces

of the boiler. In most_cases, baffles :guide the -

gases over the most effective route, These baffles

~alse retard the flow of the gases from the furnace

so.that the water can absorb as much of the

~ heat -as possible. Both ends.of the boiler have
~ openings for cleanirig the boiler tubes and for

washing the interior of the boiler. Since most -

 boilers are stationary units that are permanently.
_mstalled at ‘the site, they have specified fittings

-are .

by pipes known as header connections.

3-4. Cast iron boilers normally do not have
brick scttmgs( Usually, the only bricks used in
connection with these. boilers, are those which
are sometimes used as a base for, the boilers. In
most cases the bases are made of cast iron. Cast
iron bgilers,can be further classified as round and -
square types.

3-5. Round cust iron z)pe boilers. Round cast -
iron type boilers vary somewhat in construction.
In general, however, they are typified by the

" unit which is shown in figure 15. This unit con-
and accessories for a specific heatmg job. Some -

sists of a top section, in which the outlets and
safety valve tappmgs are located; a number of

" intermediate sections, depending upon the amount

" sories. These boilérs are normally mounted on

- skids so :hat they can be moved to dnfferem s:tcs

12

-of heating surface required; a firebox section. in

whlch the return water tappings are located and
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Figure 15 A 'typical_;d'und cast iron boiter.

a base and an ashpit.. Round cast ifon type boilers
- are small and compact and are. built in -sizes
capable -of supplying up to 1,700 square fest of
-radiation. e e : ’
. 3-6. Square sectional cast iron type boilers.
Square sectional cast iron-type boilers are similar
"= 1o the’ typical umit.shown in, figure 16, This
* - builer consists of a front and rear section and a
- number of intermediate scctions, depending on the .~
- sizc -of the boiler. The sections are connected on
. cach side at the top and bottom either by push
. nipples or by an outside header. When nipples are
used, ‘these” sections are. held firmly. together by
rods and nuts. o .

. FRONT SECTION . ° - -
' INTERMEDIATE SECTIONS

_,

-

‘REAR SECTION.

3-7. The boiler shown in figure 16 has a sep-
arate base which does not contain ‘water and,

- therefore, requires a floor of fireproof construc- -
tion, Boilers which have water in théir bases are

referred to_as wet-bottom. boilers. -These boilers

" are relativ@y small water units which may be in-

stalled on floors constructed of combustible mate-
rials. This method of installation, however, is not
desirgble. ) ’ ©

3-8. The construction of square sectional boil-
" ers is ordinarily such that the sections can be taken -
- through regular sized doors for assembly inside °
.the boilerroom. This is a distingt advantage from
- the standpoint of both installing new equipment
- and replacing. kroken sections. Cast iron. boilers
resist the chemical action of corrosive agents much

better than steel boilers.’

3-9. The disadvantage of cast:iron hot-water
heating boilers is the danger of the sections crack-
ing or breaking when improperly handled or fired.

3-10. Steel Hot-Water Boilers. Most steel hot-

“water boilers are constfucted in two sections. One

sections consists of the water jackets, combustion
chamber, and smoke passages. These components
areé either welded or riveted togsther as a unit. The
other section consists of the base and either the
grates or burner, and is constructed according to

the type of fuel used.: - .

3-11. Another stegl boiler is a horizontal unit
of the portable type having an internal firebox
surrounded by water lanes. It rests either on a
cast iron or a brick base. The front part of the

boiler rests on a pedestal. A disadvantage of this -

one-piece steel boiler is that it is heavy and re-
quires special equipment to lift it.

.

SMOKE PASSAGES

n |

. Figure 16. A’ square sectional cast iron boiler. “
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Figure 17; A typical pressure ieh'ef valve. .
'3-12.

sure relief ‘valves; pressure ‘gages, water level
control valves, and automatic controls. -

3-13. Pressure relief valve. In ‘a closed hot-

watér heating system, there is always the pos-

sibility of building up a dangerous pressure. Con-
sequently, a™pressure felief valve is installed to
allow this pressure fo escape. A ‘typical pressure
relief valve is shown in figure 17. This valve is
usually on the top of the boiler, It contains a
spnngtaaded valve which unseats when the pres-

;I - sure in the system increases~o a predetermined
" value, thereby allowing water to escape until the

pressure ‘drops to a safe point. A valve of-this type
can be adjusted for different pressures..

'3-14. Pressure relief valves may eventually cor-
rode and stick if théy ‘are not forced to operate

~occasnonaﬂy. It is good practice, once each month,

to increase the pressure to a point that operates

“the valve. When. the relief pressure on the gage

exceeds the setting of the valve, check the valve

* pressure with an accurate gage and adjust to the
requnred amount. However, do not exceed the
‘maximum safe pressure of the boiler. =

3-15. Pressufpe gage. The gperator must know

_water pressure page similar to the one shown in
figure 18 maRes this possible. The gage is con-
nected to. the top of the boiler. It.shows the water

- -pressure in the boiler and in the system in the
pounds per square inch.. This gage 4s usually
& combination gage which also indicates boiler
water- temperature and altitude. The type shown

in ﬁgure 18, however indicates - pressurq only.

ADJUSTING NUT

LY

- » - . R . . - "
3-16. Very little maintenance is required for
this unit, other than to clean the glass so that the

. B8ge can be resd. Some types of pressure gages
" are construeted so that they can be recalibrated,

but the proper equipment to do. this is not always

available. To properly calibrate a pressure gage,

. you must have either * master gage set or a dead-

Wenght tester,

- 3-17. Water level comrol valve. Water 1s added :

. to a hot-water heating system by either a manuaily

operated water valve or an automtic valve, which

s controlled by a float mechanism. Both valves are
- nearly ;denncal to those used in the t‘rec-water
- system of a steam boiler. .

- 3-18. Airflow switch. The airflow switch, or

“Sail switch™ as it is. sometimes called, is in the

stack, breeching, or the air inlet to the boiler. This

. swutch shuts down the firing equipment in cvent
‘of an ‘induced or forced draft failure, To check

the operation of thic switch, you restrict or shut

~ . off the draft. When you have done this, the switch

iler Filﬁngs and Accessories. AII
boilers “have certain accessories for safety and _
- ease of operation. These accessories are pres-

. the water pressure in he boiler at all times, A

- should shut off the burning eaquioment.

3-19, Automatic controls. Automntic cootrolf
applicable to hot-water heating systeme were din-

* cussed in Meniorandum 565 of this course,

3-20. Installing Boilers for Hot-Water Heating.
1t is very important that a boiler has a good.foun-

dation. The top surface of the foundation should -

be level to insure proper alinement of the boiler -
sections, and thus. eliminate undue strain on the
boiler castings. The furnace foundation should be

. poured separately from the finished floor. It should
be of sufficient width and depth to afford ample

support for the boiler without any settling, and it
should extend 2 inches above the flmshed floor.

" INDICATOR HAND

Figure 187 A tvpical water pressure gage.
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Assembly procedures vary in detanl for various

boilers.' However, manufacturers furnish detailed -

- procefures for the assembly of their boilers. Usu-

_cured from them. S

o ally, the plans for the foundations can be pro- ’

© 3:21. Operatiof of Hot-Water Boilers. Hot-

| water boilers, regardless of their design and type,

“operate_on the same basic principle. The fuel

- burns in the _combustion' chamber ‘and. produces
“heat, The resultant heat is radiated and conducted

to the water in the water jackets surrounding the ~

'~ combustfon chambers and-pass through-the boiler
tubes; heat is liberated by the flue gases and ab-
sorbed by the water surrounding the .tubes. The

amount of heat tf3wsferred into the water depends. . -

on the rate of heat condugtion through the metal
in the boiler tubes and the rate of water c1rculauon

" in the boiler. For this reason, boilers are designed - -
- with baffles to hold the hot gases as long as

' possrble They give up maximum Heat before pass-
" ing info the chimney.

- 3-22. Maintaining Hot-Water Bollers. The

mamtenance of steel boilers is a continued -opera-

- tion. For cfficient operation keep the inside and
outside of the bailers free from scale, slag, and

v

soot. Keep the grates and the combustion cham- -

ber clean. Remove the ashes from the ashpits and
the clinkers from the grates. When the boiler is
to be closed down for the summer months, remove
the manhole plates as well as the cleanout plugs,
and wash out the boiler thoroughly. Also, remove
the scale and sediment that may have collected
in the boiler, and wash the inside of the boiler
with a stream of water from a hose. Then dry the

: borler internally by burning a small kerosene stove -
" in the firebox. Never dry out’a bojler with the

burner which operates the boiler? The bumer

dries the surface too fast. *

3-23, The smokepipe, ﬂues, fn‘ebo;:, and any

- part Of the boiler which has been in contact with

the hot gases, must be thoroughly cleaned during

the summer overhaul. Corrosion and rust form to:

- a greater degree when the boiler is idle. The door

hinges and other snmnlar units ‘should be greased
‘or onled

3-24. Sometimes it is necessary to replace one

~ or more sections of a cast iron hoiler because of a
leaking nipple or a cracked wall. To remove the

section, you looseri and remove the bolts holding *

_ it in place. Then drive waoden wedges between
the damaged section and the one next to it, both
at the top and bottom, to separate the sections.
Repeat the procedure for removing other sections.

325, When steel-boilers develop a leak, weld

-or rivet them. When boiler flues are unserviceable,
repIace thent. .

. water -becomes- li

3-26 Plugs and handholes are-on the outsnde '

of the boiler so that you can reach the various
parts of the boiler for’ cleamng The drain valve -

‘and rod-out. openings are usually at the lowest
point of the boiler, so that sediment, rust, and
,hke forengn matter can bc washed out readily.

"4 Hof-Wafer Hecmng Dlsfnbuﬂon

Systems

hot-water heating systems. The first type is. the
gravity-system in which water circulation depends
upon . the wenght differénce between: the hot
columfi of water leading to the radiators and the
relatwely cooler, heavier column of water return-
ing from the radiators. The second type is the
forced-circulation system in which ‘water is circu-
lated by a power-driven pump. -

4-2."Gravity Hot-Water - Dlstnbuhon System."
The distribution systems and piping for hot-water '

heating systems and for domestic hot-water supply

* systems are simpler in design than those for steam,
because there are no traps, drips, or reducing.

valves. Several itgms such as supports, insulation,
and some valves and fittings are the same for both

- steam and hot-water distribution.
‘Y-& Gravity hot-water distribution systems op-

-erate because of the gravitational pull-on the

heavier cool wateg, which sir_lks as the heated
ter and rises. At this point,
we discuss some. of the types of gravrty systems
that are currently used.

4-4. One-pipe open-tank gravity system. The
“one’ pnpe open-tgnk gravity distribution system,
. shown in figure 19, consists of a single distribution
~ pipe which cames the hot water to all of the

radnators and returns it to the boiler. This system

4s easy to install and moderate in cost. .
- 4-5. The water which flows into the radiators
at the end of the- system has a lower temperature

" than the water entering the first radiators. A sys-

. '4-1. In hot-water heatmg systems, water s

: ~heated at a central spource and circulated through’
. pipes to radnators, convectors, or unit heaters.

. There are two general types of low-temperature

n

-tem of this type should be desngned so that the'

water reaching the last radiator. is not too much
cooler than the Wwatef reaching the first radiator.
- Because vof this progressive temperature drop in
the distribution system, larger. radiators should
be installed at the @nd of the system to equallze
the amount of heat radiation per radiator. It is
difficult to get enough circulation by gravity to
‘give the system small radiator temperature drops;
consequently, we.do not recommend the one-
pipe open-tank gravity system.

4-6. Two-p:pe openstank gravuy system, Many
hot-water gravity- distribution systems are two-

_ pipe open-tank systems, such'as the one illustrated °
) i5 . ' 2




ERIC

Aruitoxt provided by Eic:

vEnE <" E . .
YoM EXPANSION TANK -
ATMOIPHERD LOCATED AROVE

"ALL RADIATORS

nore: K . .
" WATEZR FLOWS. 1N DWESTION °
© DF-ARROWS v

1 manstn : |
(satcem) ] - g | (CARGER)-

-‘u'rﬂ
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- distribution systent.

in figure 20, This-heating system is constructed

"with separate water mains for supplying hot water

and returning cold water. The radiators are con-

" nected in parallel between the two mains. In the

. _two-pipe open-tank gravity systém, the distributing

supply mains are either in the basement with up-

feed fo the radiators or in’ the attic. When -the
~systém is in the -attic, it has overhead downfeed
* supply risers. The return mains are in the base- .
ment. Return connections_for the two-pipe system .

are- usually .made into ‘a gravity return, which |

. pitches ‘downward to the return opening in-the.
heating boiler, The water temperature is practi-

cally the same in all radiators, except for the

. allowance to. be made for the temperature drop
" in the distribution supply mains-occurring between -

the boiler and the end of the circuit. Water tem-
peratures are the Jowest at theend of the circuit. .
The amount of temperatpre drop between the

~ beginning and the end of the line depends upon
- the length of the main and upon‘the heating load.” -

CxPANSiON, TANK™ .
LOCATED ABOVE v
ALL RADIATORS o o
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Y

 sanen - wo Mot

Figure 20. A two-pipe open-tank gravity hot-water.
R distribution .sysiem. .

L

o T :
:

PR3

4-7. A tank with'its vent open to the atmo-
sphere is installed in the system above the highest .
radiator, as shown in figures 19 and 20, for water
expansion, The water level in the expansion tank

" rises and falls as the system is heated and cooled,
- and the system is full of water and fre¢ from air

at _all times. It the open-tank grayity hot-water
‘heating system, the .expansion tank is installed

. air liberased from the boilerwater will enter the
tank and not be retained in the system. A

4-8.. One-pipe closed-tank distribution system.
A one-pipe closed-tank gravity hot-water distri-
bution systém, like the one shown in figure 21, .
is similar to the one-pipe open-tank. gravity hot-
water heating system except that the expansion
tank is a pneumatic compression ‘tank not open
to the atmosphere. When the water in a closed-

N

- mowon - | RAGTOR
) ' - Y ‘ . '
. . b ¥
COMPRESSION TANK
'MELIEF .VALVE m
- R |
sonER . ‘
- DAAIN ‘ '
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Figure 21. A typical one-pipe closed-tank
i distribution systent. o

tank system is heated, it expands into the pneu-
matic ' compression tank. -This. action .permits
‘'system operation-at.a much higher water tempera--
ture, without boiling, than the temperature in the -
one-pipe open-tank gravity system. This aiso
results in higher heat emission from the radiators.
4.9, A gravity open-tank system with an aver-
age boilerwater temperature of 170° F. has a

* radiator emission raté of 150 Btu psf, whereas a

gravity closed-tank system, with an average boiler-
water temperature of 190° F., has a radiator
emission of 180 Btu psf. Higher boilerwater tem-
peraturcs permit. higher tempesature ° - drops
through the radiators; conscquently, smaller pipe
sizes can be used. The closed pneumatic com-
pression system requires a relief valve, usually
set .for the rellef of water pressures over 30
- psi, depending upon the height of the building.

+A pressuge-regulating valve' automatically main- -

tains the system full of water. The installation of

% -
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“on a riser directly above the boiler so that the -

A




- the: radiators and piping for .an equivalent two-
- pipe closed-tank gravity upfeed or overhead down
- foed system is the same asthat for the ‘open
system- except that the sizes of both the pipe and
radiators are uniform_and can be smaller. The

open-tank - system may have a- reversed . return

~.main which does not go dﬁi&ctly back to the
boiler. = . o . A o
" 4<10. A reversed rcturn main does not go

directly back 1o the boiler. It doubles back from
“the last radiator and paraliels the. supply main
back to the boiler entrance. Reverse return. sys-

tems -allow equal Jlength of heating circuits for -

- all radiators. Friction and temperature losses for

~ all radiators are nearly equal. In most cases, the’
s reversed return system involyes no more piping -

than othzr piping arrangements. With-the correct
reversed. rcturn system provides even heat and
" circulation ‘to. all radiators, even
end of the circuit. E

[

© the.Installation of radiators

the same level as
ut impairing* water

. permit the use of smaller Efe sizes and allow

the boiler, or. below, wit

. circulation. By using a circulation pump, a posi-
- tive flow - of. water "is assured throughout the

- ment-of the circulation pump of moderate cost, °

system. . In larger installations, especially whiere-

more than one building is served, forced circula-
tion js almost invariably used. With the develop-

the forced-circulation system is being used more-

" extensively ‘in small heating installations.

©4-15. Even as in gravity systems, forced-circu-

Jlation systems can consist of a one-pipe or a two-

pipe, upfeed or downfeed, and cancbe equipped

. with.a direct or a reverse return. Although these

_ systems usually have closed expansion tanks, they
may have open tanks. : : :
- size of piping and radiator supply tappings, the =~

.+ 4<16. Qne-pipe, éloigd-tqnlé, Jorced-circulation

. 'system. The general afrangement of a one-pipe,

those near the.

4-11. Expunsion .in -gravity hot-water distribu-
- tion systems. In the gravity and forced-circulatioh

- systems,  open and closed expansion tanks allow
the ‘water' in the distribution system to expand

Cas the ‘temperature risgs. An open tank must be. -

_.mounted at the -highest point. in ihe system; a -

closed tank can be-located at anysgoint. ' If the

air_cushion leaks out of the closed expansion

tank, it fills with water. At times, you must
~recharge the tank by draining part of the water

~out of the tank and'allowing air to fill- the space. -

.. 4120 In the open system, an expansion tank
~open”to the atmosphere allows - the system to
expand. The open system is normally designed

closed-tank, forced‘-éiréu_lation system, shown in
figure 22, is similar to the one-pipe gravity sys-

tem, but with the addition of a circulating pump.

© "4-17. The circulation to _individual radiators

_is improved by special supply-and return connect- -
 ing tees. These tees, by an ejecting action on- the-

distribution supply main and an ejecting action on
the return, combine to use a portion of the veloe- -
ity head in the main to' increase circulation

. through the radiators. Tees of this |type also aid

stratification of hot and cold watér within the

‘to operate at ths maximum boiler temperature -

of 180° F. This gives an average radiator tem-

perature of 170° F, -or a radiator output of -
150 Btu per square foot (psf). The closed sys-

- tem, in which the expansion takes place against
~ @ cushion of air in-.the tank closed against. the
amosphere, can “be operated at temperatures
above 212°4F., because the pressure, built up
- in the system prevents the water from: boiling.

Radiator temperatures' then ‘become equal to -

those of low-pressure steam systems.

4-13. When a hot-water system is first filled
with water, it is normally necessary to bleed
- the air out of the system at the same time.

" You can remove the ‘air by opening an sir vent.

on a radiator or by breaking a ypnion near the
end of the line. The temperature of the water

that is distributed is from 150° to 250°‘F. The

higher temperatures arc- used ‘with the forced
circulation systems, C S

- "4-14. Forced-Circulation Hot-Water Distribu-
* tion System. Forced-circulation hot-water distri-

. bution sygtveln;s‘havegseveralv advantages. They .

distributing main. They are designed to take. off

the hot-test water from the top of the main and

to deposit the colder water on the bottom of the
mdin. - .o o .
-4-18. Two-pipe, closed-tank, Iorch-ciréulat’ionA

system. THe general arrangement of the piping
-and radiators for two-piiiforced-circulation dis-

tribution systems is the same as that for the two-

RADIATOR

COMPRESSION TANK

RELIEF VAL.E

CIRCULATING PUMP

Figure 22. A one:pi
©osystem with
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o pipe gra\uty systems The relative locations of the’

compression tank relief valve and the clrculatmg

pump are shown in figure 23, .
" 4-19, Distribution System Cornponents. The *

.component parts of a hot-water distribution sys-

‘tem include: pxpelmes, radiators; unit - heaters,
circulating pumps, reducing valves, ﬂow-control»

“valves, and special flow fittings.

4"-’

-

4-20. Pipelines. The piping systtm consfftutes .
~the closed passageway for the- “deliy
" - water to the points where it is used. Pipelines. -
~are made up of lengths of plpe " fastened by
' screwed, flanged, or welded. Jomts.,They have .

hot

valves and fittings such as tees, unions,” and

-elbows, accordxng to the needs of the installation.

Pipelines are supported by hangers ‘and fastened

. by anchors. Expansmn ]omts or loops allow for -
) expansion.

4-21. Mains and branches of 'the pnpehne

should be pitched so that the: air in the system
can be discharged through open expansxon tanks,
radiators, and relief vaives. The pitch- is generally
~ not Jess than 1 inch for every 10-feet. The piping
.arrangements for a new system should’ include

prowsxon for drammg the entxre system.®
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“Figure 24. A typical cast Iron sectional radiator.
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‘ -ing“the entire radiator

3 — /)

'hngh points i
some type of vént that releases air from the sys- -
- -tem. Air trapped in the system prevents the cir-

-22 Radiﬁtora.  The ra.dntor

heating system into the air in & room: A radiator
is usually constructed of cast iron and asgembled

" in sections, as shown in figure 24, ﬂmged

radiator sectiona can be replaced vnthout replac- ..
mnbly. » P :
- 4-23. Radiators usually rest on the floor. How-.

' ever, they can be either m unted on a wall or
_ -*hung from_the ceiling. Thé location of a. radlator :
- depends on the type- of roo

to be heated and

its location with: respect to the location of the

boiler. For instance, in a forced-circulating hot—

"water distribution system, -the radiators may be
on the same level with the bojler. -

4-24. Hot #ter heatmg/ system radiators_and
the distribjtion lines must have

culation of water,, Forthis purpose, -a manually

- operated key type air yent, llke that ﬂlustrated
’ m figure 23, can be used. -~ . :

~ 4-25, Manually operated key type air vents can "
be replaced by automatic air vents. One type of

x o Y
AR VENT
KEY HANDLE

- RAlDIATOR' ,
counscnon

DRAIN sr’oa'r “ o
Figure 25. A manually ‘qperaied key type air vent.

automatic vent is illustrated in figure 26. It auto-

matically allows the air that forms in the system

to escape. When air vents _fail, replace them.

4-26. Radiators also have shutoff valves, such.
as the oné illustrated in figure 27, which reduce

or stop the flow of hot water. through a radiator.

They are installed in the piping adjacent to the

 inlet side of the radiator. Occasionally, you must

tightén the packing nut on these valvesto prevent

. th?%ater from ‘leaking aroynd the valve stem.

427: Unit heaters. A unit heater is one used

“to heat a localized area. The heater consists of

a heating coil that is supplied with hot water.

7" The coil is usually of the finned type, and air
’ s:c:rculated over it by an electric fan A unit

heater installed in a distribution main is illus-
.trated in figure 28. -

4-28. Servicing unit heaters includes a monthly
mspectxon Each month check for water leaks,

] cleanliness of the ﬁnned coils, and the operation

54
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of the fan motor. Other accessories which you -

also should inspect are traps, air vents, fan blades,

and ‘valves. Make any needed repairs. Lubncatc
«the electric fan monthly. .

4-29, Circulating pumps A forced hot-water
heating system has:.a water circulating pump in
the teturn line near the boiler. This pump insures
the positive flow of water regardless of the height

of the system or the drop in the water tempera-

ture. Greater velocities of waterflow are obtain-

~ able with forced circulation than thh gravity
B circulation: *

4-30. Circulating pumps are free of valves and
float control elements. They aré operated under

- 3 sufficiently high watet inlet temperature to
eliminate thc difficulties caused by vapor bmdmg ’

- COMMECTION TO RADIATOR

Fiquré 26. One type of automan'c air vent.

The pumps are usually operated by electric
motors.

4-31. During mamtenance servncmg, check the
pump carefully for proper rotation, and lubri-
cate the electric motor and pump according to
the manufacturer’s instructions. Also you period-
ically clean the pump of sand, rust, and other
forexgn matter which-has collected in the pump

casing, Be sure that the pump rotates freely and .
that the shaft packing glands, if there are any,

are not drawn up so tight that they score the

" shaft.

4-32. Reducing valves. A’ reducing valve is

_normally installed in the cold-water line going

to the boiler. It automatically keeps the closed

.system supplied wnh water at a prede:ermmed

19

- HANDWHEEL

TO RADIATOR
——

SEAT VALVE DISC

o INLET ,
-~ Figure 27. A typical radiator shutoff valve,

safe system pressure. These valves are usually
set at the factory, but you may ;adjust them in
the shop to a desired pressure. You should install
this valve at approximately the same level as
the top of the boiler:.

4-33. Flow-control valves. Forced hot-water
circulating systems use the flow-control valve,
shown in figure 29, which is normally installed
in the distribution main. This valve prevents grav-
itational flow of water through the system. The
valve does not offer any serious resistance to the
flow .of -water when. the circulating pump is in

.operation However, when the pump is naot op-

erating, the small gravntatlonal head of “water
cannot open the valve. Each week you should
check the flow-contral valve for -proper opera-

— - IF PIPING IS NOT ARRANGED TO REMOVE
AIR FROM HEATER. INSTALL AIR VENT
AT HIGH POINT

ELECTRIC CIRCULATOR
IN RETURN. ARRANGED TO RUN
WHEN F[AN RUNS

-

ROOM

PIPMNG FOR UNIT HEATER INSTALLED

ON GRAVITY HOT-WATER SYSTEM-NO

INDIVIDUAL CIRCULATOR NEEDED ON
FORCED-CIRCULATION SYSTEM

-~
Figure 28. A typical unit heater installation.
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Figure 29. One typg' of flow cg;'rz_lrol valve..

tion and fteedmdvexnent. Examine the valve for

water leaks and repair it when negessary.
4-34. Special flow fittings, Various types . of
special tees that are designed to deflect main-line

“water into the radiator branches are used in one-

pipe and two-pipe forced-circulation systems.

These fittings’ are designed and calibrated to. the
size’ of .the_radiator and system operating tem- -

perature. Flttmgs of ,this type are required with

"The general information given in “this chapter
" about installing-hot-water heating systems shoild -

* be supplemented by detailed installation proce-

dures from the manufacturer of the heatmg

equ:pmcnt to be installed.

. 4:36. Maintaining Hot-Water Heatmg Sys-
tems, Hot-water heating systems require little
maintenance other than periodic checks to make
certain that all air is out of the system and all

radiators are.full of water. The circulating pumps
should b: oiled regularly. in" accordance - with .
the manufacturer’s instructions, and the pressure .
. relief valves should be checked periodically.

Heating

4-37. Troubleshogting - Hot-Water
Systems, Some of the common discrepancies

. which you will encounter when troubleshooting

hot-water heatnng systems are as follows: ~

Bmh'r Trqyblc
' Remedy

- Clean the boiler flues
and the fluépipes. Re-
* pair any chimney leaks.

Increase the draft.
Check on the type of
fuel. Clean the boiler of

Symptoms

Boiler smokes through
the feed doors. -

Boiler heats slowly.

scale. Blow down ‘the -

e boier. . at the top of the tank. The entire tank is Jinsu-
. g‘:g:’hf;fd“m insuffi- g;’:lin g‘;m;:"?{b °§ lated to prevent the escape-of heat. It is also
R larger. boiler. Blow cquipped with a thermostat which can be -ad- -

down the boiler. In- -

diator valves. Clean the
corroded valves, and
check the operation . of
the circulation pump.

Distribution Piping Trouble

. Symptonms

Distribution piping will
not transfer hot water
to the radiators.

Remedy

Insufficient water in the
system. Bleed the air -~
from the high points in’
the distribution piping.

- Check the operation of
the circulation pump.

- Check for corrosion'
-stoppage in the distribu-

one-pipe forced-flow systems, ‘and they do - tion piping. . *
- equally well for radiators above and below the o . .
_distribution mains. ' : s
4-35. Installing Hot-Water Hentmg Systems. -7 Hot-Water Heaters e

5-1. Clean hot-water is required in many in-

stallations for domestic use and for: industrial
use. Since boilerwater cannot be used for this
purpose,. because of the chemical added, it is
necessary ta heat other water. The water may
be heated in tanks equipped with coiled piping
through which the boilerwater circulates. Or it
may -be’ heated in independent units that heat
by electnclty, gas, oil, or coal.
§-2. Domestic hot-water heaters are built

various sizes from 20¢ to 50-gallon chpgm ies.
Industrial type. hot<Watcr' heaters are designed

“to heat thousands of gallons of water, dcpendmg

upon the amount an installation uses.

5-3. Modern hot-water heaters arc. self—con-
tained and require very little attention, sin¢2 they
are fully automatic. The diagram of a gas-operated
hot-water heater is shown in figure 30. These
units are cylindrical ‘in shape, and they have
diameters ranging from about 12 to 30, 40,. and
50 inches, depending upon . their capacity. The
tank is. constructed of galvanized shect metal,

which may be lined with a composition of glass
to resist corrosion of the tank lining and prevent

contamination of the water. The combustion
chamber js in the lower section, which is vented

by a baffled flue that extenids through and ends

Justed to maintain a certain water temperaxure

ek & e o

v . ,
. ] “
' 5 PERAf NG Symptoms - Remedy
- /?’ANDLE' . crease \he draft, and
I L . cheéck on the type of
S, o , fuel. -
) : ‘
: Radiator and Unit Heater Trouble ,
. N Symptoms Remedy "
(o] 3 . X - A
Ut;ET VALVE DISC Radiators will not heat.  Insyufficidnt water in sys- ~-
- tem, Bleed the air from
? the system. Open the ra- .-

e L -20"‘» o6 R '
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Figure 30. A gas-fired hot-water heater '
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'Safety feétures'which make the hot-water heater

automatic are also in the unit. .
§-4, Both the cold-water inlet and the warm-

water outlet are at the top of the tank. These

tappings are usually marked “INLET” and

“OUTLET." However, if there is a question in-

your-mind as to which is the inlet and which is
the outlet, just remember that the cold-water in-
let pipe extends over halfway into the tank, but
the outlet pipe does not, There is usually a drain
valve af the bottom of the tank, :

5-5. The directions for lighting and operating
a hot-water tank are usually printed on the side
of the unit. The servicing required to maintain
this unit is the same as that for an automatic

gas burner. ®? .

’7 .
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CHAPTER 3

3

High-Temperature

»

Hot-Water Heating

- J IGH-TEMPERATURE hot-water systems

came into use in Europe more than one

. hundred years ago. However, the first large high-

6-3. High-temperature hot-water systems use

- boilers or generators that may be heated with
~ coal-, oil-, or gas-burning equipment. However,

temperature hot-water heating system in the

United States was installed about 1940. After
this, very few heating plants of this type were
installed in this country until after World War IL
At this time the military recognized the high-

temperature hot-water system as a very good -

meéthod of heating, The acceptance and successful
use of this heating system by the military led to

ferred to in its abbreviated form as HTHW.

"2, You recall that in previous chapters of this

‘memorandum we discussed the effectiveness of

both hot-air and low-temperature Itbt-water heat-

ing systems. In this chapter we discuss the char-

acteristics of HTHW heating systems, types of

heat-carrying media, types of HTHW systems,

. .pressurizing HTHW systems, HTHW system op-

erstion, safety characteristics of HTHW systems,

- and piping for HTHW systems. We also mention

‘steam as & medfum of heat transfer; however,

steam heating is not thoroughly discussed until

Memorandum 567 of the course.

3. The HTHW system is a very real and grow-
ing competitor to other methods of heating; con-

* sequently, you should familiarize yourself as much
- as possible withthe information in this chapter.

6. Characteristics of HTHW Heating
Systems SR o
6-1. High-temperature hot-water (HTHW) sys-

~tems operate at high pressure to maintain a water

temperature that exceeds the normal boiling tem-
perature of 212° F.(at atmospheric pressure)

* used in other types of heating systems.

' 6-2. High-temperature hot-water systems con-

 sist of standard and heavy-duty equipment, in-
. cluding boilers (sometimes referréd to as gen-
‘erators), expansion - drums,  system circulator

pumps, distribution * piping, and . heat-consuming

_ - its general acceptance by industry., The high- .
. temperature hot-water system .is commonly re-

the water is sometimés heated by direct-contact
steam heaters, High-temperature hot-water sys-
tems use either steam or an inert gas for pres-
surization. :

6-4. High-temperature hot-water systems have
the hot, water pumped from the generator and
throughout the distribution system. The circula-
tor.pumps are large enough to deliver the water
at sufficient pressure to overcome any drops in

the distribution system and the heat-consuming .

" equipment. The major advantages of the HTHW

heating system  are low makeup requircments,
minimum maint¢nance, high thermal e{ficiency,
and safe, easy operating and control.

- 6-5. The HTHW system is a closed system,-
so the only water wastage is the normal leakage

"at’ the pump and valve packing glands. Conse-

quently, very little water is consumed during

_ system operation, This means that only a small

amount of makeup water -is used, practically

_eliminating boiler blowdowns. The-closed recir-

culating system operates at high thermal efficiency.
All of ‘the heat not used by heat-consuming
devices in the system or lost through pipe radia-

“tion is returned to the boilerplant. Because very

few boiler blowdowns are required, the heat
loss from blowdowns is kept to a minimum.

6-6. The HTHW system uses the thermal “fly-

.. wheel” effect, which is characteristic of the large

22

heat storage capacity of high-temperature hot -

water that permits the system to accumulate
generated heat and even out the heating load
on the boiler. The sudden changes- in firing rates
in other systems which produce poc: combustion
and high stack temperatures are virtually elimi-
nated, and the boiler has higher operational
efficiency. Table 1 compares the hcat storage
capacity of water and steam for various pres-
sures and temperatures. At 50 psig with the
temperature at 298° F., water contains 87 times
the amount of heat that steam does. (15.360
divided by 170 equals 90.4). Figure 31 illus-
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trates the variation of water density and volume
at different temperatures. When the temperature

of water is 100° F,, the density is- about 63 -

pounds per cubic foot:- When the temperature
rises to 200°.F,, however, the density drops to
- 60 pounds per- cubic foot, and the percent of

‘increase in volume rises from almost zero to

= - 250 perccnt Note that as the temperature of
‘ - the watér increascs the percent of increase in
“volume goes. up and the density. per cubic foot

- goes down,

6-7. The HTHW systcm operates at low cost.

The requirements” for maintaining the HTHW

system are comparatively lower than for other

‘types of heating systems. The same water is

recirculated; and the system is always filled with

non-cormsxvc-trcated water, and scaling and -

corrosion do not occur. Also, there are no traps
and reducing valves to maintain, as in the steam
heating system for example.

6-8. In the HTHW system, a mixture of water .

and  steam is discharged into the atmosphere

"when hlgh-tcmperature hot-water escapes through

a leak in the line. The temperature of the water
is well above the vaporization point at atmo-
spherlc pressure, so part of the water flashes to

" TaBLE 1
HEAT STORAGE CoMPaRiSoN oF HTHW AND STEAM ~ -

Total Heat Conte
Btu/cu. ft. _
Gauge Press, | Temp. Ratio:
Water ' Steam Water/Steam
‘15, 360 170 90. 4
15,840 203 . |- 78.0
16, 260 ' 229 . 71.0
16,670 255 ~ 65.4
17,000 281 .60.5
17,320 306 © 56,6
17,600 332 . . 53.0
17,870 358 49,9
18,170 384 47.3
18, 380 410 44.8
18,610 434 © 42,9
18,830 - 461 40.9
19,040 486 | - 39.2
19,220 |. 511 '37.6
19, 400 537 36.1
19,570 562 ' 34.8
019,750 | - 588 33.6
19,920 | 613 3.5 !
20,080 639 ' 31.4
20,240 . |. 664 30.5-
20, 390 690 . 29.6
20,530 718 - 28.7
20, 670 741 27.9
20, 800 767 - 27.1
20,920 792 26.4
21, 040 - 818 |’ . 25.7
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F:gure i A wmpamvn of water density nnd \olume

steam. This unllzes much of the heat from the
water and makes the leak less dangerous. Later
~in. this chapter you will be given more informa-
tion “regdrding the safety charactcnstxcs of the
. HTHW system. N
6-9. Another characteristic of the HTHW sys-
“temy is its simplicity of construcuon with the ab-
sence of -complicated traps and valVes. Now that
you have completed the major characteristics of

the HTHW heating. system, let us, compare th;x '

different types of heat-carrying’ nedia..

6-10. Types of Heat-Oarrying Medls, The
current practice is to use & centrt.bhea.tmg plant.
. in preference to a number of smaller individual
heating units. Advantages of the central-heating -

__plant lie in the simplification of hea.tmg plant dé- ~

sign and operation and in maintenance. There
are, however, the problems ‘of uniformly distrib-
" uting the heat through pipelines over the heated
. areas of large buildings and transmitting the .
- heated media for long distances about the post,
- We will, therefore, examine hot air, steam, and -

hot water, the three commonly uded means of

-transmitting heat. .
6-1t. Hot air. Hot air c.lrrn.s hesit’ ('rom thu

hcatmg plant to the place of usc. Due to the

- low specific heat of hot air,  0.24 Btu/ib or

©.018 Btu/cu ft are required to provide available
~heat of 1.8 Btu/cu-ft for a temperature change

. of 175° F. at the, plenum chamber to 75° F.
at the heated area. very large volume of ho*

2 6

air’ is rcquxrcd to ‘transmit the heat from the,

: central—heatmg plant_to the place of usc. If the
“heat load is small and the distance the heat
- travels is short, as in homes and small buildings,
. the hot-air method of heating is often an ideal

‘arrangement. However, if the heat load is lar

or the distance the hot air must travel is great, -

or both, the size of the air. transport ducts and
circulating fans would be expensive and too large.

6-12, Steam. Steam often is used to transmit
large quantities of heat over great distances.

" Steam has a latent heat of vaporization (the

amount depends on the ptessure). This latent
heat is potentially available for heating. For a
given volume, steam contains from 38 to 70 times
‘more heat than air. Therefore, we must definite-
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1y recognize steam as a good medium for trans-

porting large quantitxes of heat over grca.t dis-
- tances, .
, 6-13. Hor wuter. Hot water also carrics heat.

Wlth hot water, as with hot air, the heat available ,

- for_heating is represented by the water temper-
ature and is not represented. by a change of

~ state such as the Jatent*heat of vaporization in
“steam. Let us assume that the temperature of
_ water leaving a generator is 400* F, and that
. the water returning to the gencrator is 250° F. .

Here, the difference in temperature of 150° F.
represents 158 Btu/lb or 9,000 Btu/cu ft trans-

.. mitted to the heat load. For a given size of line

about 30 times as much heat can bé. transmitted

.
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by water than by steam. Thc actual relative
* amount depends on the water temperature and ..
- the steam pressure. Since .the water must be
- returncd to the heating plant, the distance that

it ‘must travel will be approximately twice the
distance steam travels. This does not take into

“account-the condensate return line for steam

which is only about onefifth the capacity of

the HTHW “return line, On the volume basis,
water is a very good. carrier of heat as compared
to other’ heat-transporting - media. The weight of

‘the circulating water, however, is quite large
into account when the

and should be taken
installation cost is figured.

6-14.  HTHW: Versus Steam. It is evrdent that
stcam. or hlgh-temperature hot water can be

"satrqfactonly used for transporting and distributing

heat from & central-station heatifg plant. to the

" heat. load."| Therefore, we should ‘examine the

N

supply _and return lines can be
elevation or grading But with

system dramage and collection of con-
densate, W rchhmust be pumped -or drained back
to-the heating'plant. In the HTHW system the
arrangement. of valves and fittings is srmple
Pressure-reducing valves. and steam and water

_heavy weight of the water in the systéem. For
systems of equal volume, the heat in the HFHW
is about 30 times greater than for steam. The
actual, ampunt depends-upon the steam pressure
and water temperature.
: dvantages of steam. A grven volume
capable of containing a great amount
38 to 70 times that of air) and like
HTHW is a good means of transporting heat
for long distances. However, sttam does have
some advantages .that HTHW does not have.

6-18. Steam is readily available for. use where
it may be required, such as for kitchen -and for
laundry use. In HTHW systems, steamn must be
generated by _installing water-to-steam heat ex-
changers.

6-19. Steam is a compressrble gas that requrres
no_tolerances for expansion. The HTHW system,

* however, requires expansion drums to allow for

- traps are required for stcam systems, and they *
 are difficult gnd expensive to install.

© 6-16. High-pH (potential of hydrogen) alka-

flmc water -i§ circulated throughout the entire

'HTHW system ‘and practically eliminates internal

: would surely - be prefcrred for hotels and sky- -

changes in_water volume caused by temperature
changes.

6-20. Steam, by takmg advantage of the avail--

able pressure drop, flows throtighout the heatmg
system without a pump. Water, which is about
" five times as heavy as steam, must be pumped

.through the system. The circulating pump horse-

power requirement is partially offset by the boiler
feed pumps and return condensate pumps of
lhe steam system.

6-21. Since both steam and HTHW are suit-

.able heat ‘transportation media, an evalu@ron of

the features of each system has its place. Steam

“scraper office buildings with a vertical and con-

- centrated heat load. For groups of buildings,

carrosion. - This polentlal of hydrogen ion con- .
centration is expressed in gram atoms per liter .

of 1 concentration expressed in gram atoms per

liter of a solution. The pH values from 0to 7

{Tow) indicate acidity, pH 7 indicates pure water,
and 7 to 14 (high) indicates alkalinity. In the
steam system, pure ‘but wet steam and low-pH
water are in contact with the piping, heaters,
¢tc. This provides .a corrosion problem. In the

HTHW system, the water is,always under pres-.

sure and is seldom exposed to the atmosphere.
This process virtually climinates any possibility

* :af -absorbing oxygen or other noncondensable

- gase
‘tem is usually collected in’ an- open hot well

The condensate in the steam heating sys-

where the water is ,exposed to the atmospherc

spread out over a large area where heat must
be transported over a considerable distance and
at’ varying ¢levations, HTHW should have the
advantage. * .

,7 Types of HTHW System?

7-1 The high- temperature range for most
military and federal heating plants is 350° F. to
450° F., which corresponds to saturated pressures
of 135 psi to 425 psi. However, some types of
pla:nts operate at higher pressures and therefore
have higher water temperatures. The installation
of HTHW plants that operate at temperatures

$bove 400° F. must-be approved by the Chief of

and can absorb oxygen. To eliminate the oxygen, "
*it is necessary to pass all the return condensate

 through a deaerating. heater, an -air ejector vac-

uum vessel, or use chemicals to remove the oxy-

. gen. There is also the tremendous *flywheel”,

Engineers. Costs usually determine the maxi-
mum water temperature used, because the types
of HTHW systems utilizing the higher pressures
require more expensjve piping, ‘valves, fittings,

~ and heat exchangers.

- . effect in heat storage for the HTHW system, as -

- compared to steam, because of the comparatively

25

7-2. The degree Of complexity of HTHW 'sys-
tems varies accordiflg to the size, type, and heat

load requirement of the installation. Since methods

used to maintain pressure and to assure uniform
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" in distribution systems.

-
flow rates depend upon the amount of heat load, . steam condenses into the circulating water. A
they affect the complexity of the heating system. typical spray nozzle head is shown in figure 33.
There are two methods of circulating the HTHW  The spray nozzles are installed in a combination
through the system—the one-pump and the two-  cascade heater expansion drum. A typical cascade
pump systems. heater expansion drum installation is illustrated

7-3. The one-pump system uses only one pump in figure 34. Let us discuss some ways of pres-
to circulate the hot water throughout the system,  Surizing the HTHW system.
which includes the generator. The two-pump sys- .
tem uses one pumpgto circulate the watgr thl:ough 8. Pressurizing the HTHW: System
the distribution system, and a second pump to
circulate the water through the generator for
positive circulation. Figure 32 shows some typical
pumps that are used for circulation in the HTHW
system. Note that the pumps are of the centri-
fugal type. Each pump shown in figure 32 would
be used to circulate the water to different areas

8-1. Since water volume varies with changes
in temperature, the extra water must be taken
care of when the water is heated. It is desirable
to oper wigh the water above the boiling
temperature of 212° F.; therefore, the pressure
i the system must be maintained equal to or
greater than the corresponding saturation (steam

7-4. There are two common ways of heating s required because the water, which is not com-
the water in the HTHW system. One way is to- pressible to a smaller volume, expands when it
use hot-wateT boilers or generators; the other is heated. Also, the pressurizati\'ci:%p’revents the

~

way is to use the cascade or direct contact heater.  formation of saturated steam or vapegization when
The water in the HTHW generator is heated in the water temperature is raised. ThHere are two
much the same manner as low-temperature hot- basic designs employed for pressurizing HTHW
water is heated. In the cascade heater, however, systems: first, the “saturatéd-steam cushion,” and
the water is forced through spray nozzles and  second, the “mechanical-gas cushion.” Although
comes into direct contact with the steam. The  both designs have a variety of mg@ifications,

WATER CONTROL VALVES

PUMP NO 3

MOTOR
PUMP NO 2 MOTOR
4
PUMP NO |

Fieure 32. Typical high-temperature hot-water circulation pumps.
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or vaporization) temperature. An expansion tank '
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' Figuré 33. 4 ‘typical*taxad%arer spray nozzle .
. head. '

pressurized system design.

systcm. The pressure ma?}Ztamcd is that of the

saturated steam. The wataf in the lower portion
of the tank will be approximately saturation
{steam or vaporization) temperature correspond-
ing to this pressure. The water to be used in
the HTHW heating system is drawn from the
lower part of the e¢xpansion tank, mixed with
the system return water, and circulated through-
out the system. The mixing is decessary. to. pre-
vent cavitation (steam flashmg) at the pump
suction.

8-4. Here are some conditions that_a_rc typical -
"of the saturated-steam cushion design. The ex-

parision tank, either integral or separate, is a
part of the- HTHW system. The entire hot-water
flowing in the heating system passes -through the
expansion tank and exposes the tank to the
maximum system heat and any form of contami-
nation that is in the water. The heat and contami-
nation, in turn, subject the expansion tank to
thermal stresses and corrosion. There are explo-
sion hazards typical of a steam boiler in the
system, and good water-level control is important

in maintaining proper operating conditions. Lgad -

_ variations causing supply pressure changcs create

their characteristics are still typlcal of the basnc :

8-2. Saturated-Steam Cushion. Prcssurizing the

'heatmg system with steam in the expansion tank

is a patural method. Firing the HTHW generator

- to maintain thé system pressure corresponding

to the required sat?tlon (steam or vaporiza-

surizes the system. Excess
heat is generated to offset the radiant heat loss
from the expamsion tank. Al of the HTHW in
the steam-pressurized system flows through the

[

expansion tank and thereby maintains the sat-

‘temperature
there. .

'8-3. The steam in the space in the expansion
tank provides the pressure or cushion for the

- PRESS GAUGE CONN |

flashing of the saturated liquid in thc system
and produce water hammer,

8/p. Mechanical-Gas Cushion. Thc cxpansnon
tan contams the ‘mechanical-gas cushion and -is
connected to the HTHW system return line just
ahead of .the cnrculatmg pump suction connection.
The tank containg an inert gas ,(usually nitrogen)
and is the source of pressure. in this method.

‘When the systemr has been pressurized by the
-nitrogen, pressure in excess of saturation must

be maintained. That is, the water temperature
throughout the system must always be less than
its saturation temperaturc”‘?ln the mtrogen-pres~
surized system, the expansion tank is installed
in the system as a standpipe arrangement so that
the water does not flow through it. The water
in the lower part of this tank is stagnant, except
for the changes caused by expansion and con-

RELIEF VALVE CONN

WATER FEED CONN.
- STEAM CONN. - STEAM CONN. VENT CONN.

: ) \ . SPRAY NOZZLES /
e £ T ]

LI o8 : ’ STEAM
poon Lt i ‘ [ ) ‘ CONN
o BreNe bt . ( |
I O AN ¥ ' ! | i

AR J{j ‘ ll Lo i _ .
v .
¥ - yOu = /o \.

. MAN HOLE
/ .'u' COVER

WATER FEED

OUTLET CONN

CONN

Figure 34. A cpmbivnalion cascade heater expansion drum installation.
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tracuon brought on by load fluctuations,. If you
assume that the. water is virtually incompressible,

/./ﬂ\e tank provides the space available for these

changes in the system’s water volume.

8-6. Here are some characteristics that are
typical. of this design. The expansion tank is
independent -of the generator and remains cool.
Corrosioni js practically eliminated because the
heating system is flooded, with the exception
of the nitrogen-space in-the expansion (cushnon)
tank. When properly " designed, the system is
sealed with its fixed charge of water and-nitrogen.
However, this design- does not contain a steam.
drum or any steam spaces ‘which will permit
the accumulation of steam. The generator. tubes
are_the-weakest_link -in_this entire system. An

explosion caused by the dissociation of hydrogen .

and oxygen cannot occur. The formation of Steam
cools the otherwise red-hot metal surfaces. Low-
. water conquns do not allow the ﬂashmg of

-steam.
: «

9. Opercmon

9-1. To insure normal operation, you flll the
.system with treated water taken from the water

" softener. To prevent oxygen corrosion, add the

chemicals for treating the water to furnish 20 to .
40 parts of sodium sulfite per million parts (ppm)

. of wder. You thereby maintain a pH value of

9.3 to 9.9. While the water is circulating in ‘the

" generator and in the system, you should fire the

boiler at about 25 percent of its rated capacity

. to bring the system Gp to normal operating tem-

perature. You should allow the expansion dram
vent in steam-pressurized--systems to blow for
about 1 hour to rid the system of ali oxygen and

other noncondensable gases.

_‘upon the type of firl

. in some detail earlier in the co

+ig desirable, however, at this peint to review some
. o 28

9-2, The startup and firing of HTHW boilers °

or generators are done in much the same manner
as for domestic hot water and ste¥m bonlers,
. dépending uppn the type of fuel-burning equip-
ment ‘used, /The specific startup and operating
- pracedured” vary with different installations.
Therefore, ‘this information is furnished by your
local supervisor and: the. manufacturer of the
equipment.

9-3. Coal, oil, and gas are the types of fuels ;

normally used to fire the boilers of HTHW sys-
tems, The specific type of fuel used will depend

* plant. Each type o(gf%el requires that designated
inspections be. made ‘and that certain precautions
be taken to eliminate fire and -safety hazards.
'9-4. The inspection of fuels and material stor-
" age areas for fire and safety hazards was covered

tion and storage of coal was d

Fd

equtpment installéd in_the -

e, The inspet-
ssed earlier. It -

-HTHW is its relative safety, especially
_point. of use. The many installations of steam
" and hot-water heating’ systems are so familiar

- of the unportanf aSpecte of the ﬂre and safety

'precautions related to fusls.

9-5. Op” recexpt you inspect coal to insure
that it is relatively free of impurities. Spontane-

. ous fires and slack cfeate hazards ‘to the coal

piles, which require watching. When you are

transferring fuel oil from one tank to another, -
be siure that both tanks are grounded. Checks

must then be made to insure that excesaive oil
pressures are not generated in the tanks by ex-
" pansion of the fuel Although natural gas is not
normally stored on a- military post, liguid petro-

leum .(LP) gas is often stored near the heating -

plant. You should often check the areas where

this gas is stored to insure that there is no leak- -

age. 'Liquid petroleum gas is heaWigy than air
and settles in low areas and create¥Wexplosive
hazards. When checking for gas leaks, use a
stax;dard soap solutxon._

9-6. Because of the large h‘eat'storagc capacity
of HTHW systems, the load demand change for

- the boiler is.slow and smooth. This characteristic
provides for 1mproved and safer operation than -
that" provided by the saturated-steam cushion.

This brings us to the discussion about the safety
characternstlcs of HTHW.

’

10. Safety Charactensﬂcs of Steam
and Hot ‘Water

One of the sngmﬁcant advantagcs of
at the

10-1,

to us that we do not normally .concern- our-

° w\ >'
a
.
N
.!
"’;i

selvés with the hazards that they can present. -

The high-energy content of HTHW has led to
the common belief that it is less safe tham othier
*heating media. In case of a .brcak, howcver,

this. energy is uscd in the change of state pro-'

cess and is not available fo creatc a serious

- hazard. Consequently, the reversc is the case.
To describe what happens, we' shall compare”

“the effects upon the occurrence of a break or
similar mechanical failure in each of four types
of heating media which arc commionly used.

10-2. LowsPressure Steam. /gb’r'eak in a low-
pressure steam line results in the forcible cjection
of steam, as long as the pressurc persists, at a

temperature slightly below that of the steam

in the pipe.- Steam at 5 psi and. 230° F. dis-

charges to the atmosphere at the temperaturc
. of approximately 229° F. and at the velocity

_of about 1500 feet per second. This is a definite

hazard, because the steam rapidly envelops the
inclosure at the ejection velocity and -its tem-
perature is high enough to causc considerablc
bodily harm to persons in this arca.

<




10-3. High-Pressure Steam. The action-of a
break in a high-pressure .steam line -is similar
. to that described above for a low-pressure steam
" line. Because of the greater ‘expansion that takes
place, there is a slightly gfeater drop in tempera-
ture with high-pressure steam, For example, steam
* at 125 psi and 300° F. temperature is discharged
into th: atmosphere at 290° F. and a velocity
- of -approximately 1,600 feet per seqond. The
cncrgy in the steam is converted into work
. (kingtic cnergy) a5 it flows out of the system.
Again, this is a highly hazardous condition.
'10-4. Low-Pressure Hot Water. When a failure
occurs in. a low-pressure-hot-water system, scald-
ing water is_cmitted for a short time until the

system pressiite reduces to atmospheric pressure. '

- Since the temperature of the water is not above

its boiling point at atmospheric pressure, flashing’
to stcam does not occur. Water at 15 psi and -

200° F. temperature discharges through a break
.to atmospheric pressure at a temperature of ap-
proximately 200° F. and at a velocity of about
175 feet per secomd.: Less hazard is. preseiit in
this case than with steam, because the lower
water ejection ‘velocity -does not tend to fill the
inclosure. The condition, ‘however, is still haz-
ardous, especially in the case of overhead piping,

- because water at 200° F. can produce permanent i

injuries.. o
10-5. Pressurized HTHW. When'a break oc-
. curs in an HTHW. line, a mixture’ of water and
~steam is discharged to the atmosphere. Since the
- temperature of the wateris well above its vapori-

zation point at atmedpheric pressure, the energy

in the water is used to convert a part of the
water froni the liquid state into the vapor state.
- This cnergy is used in the change of state process,

~ and it is not available to do work (kinetic energy).

Because the quantity of heat available is suffi-
cient to vaporize only from 20 to 25 percent
of the HTHW present, there is no energy avail-
able to produce an explosion. Due to the pres-
sure in the system, the ,mixture of steam and
| water is ejected initially at a high velocity. Since
thc pressure . is maintained independently by a
\fixed ' quantity of nitrogen in the compression
tank, the pressure falls rapidly and the velocity
%je_ction drops to“a low value in a very short
tife. B ' o . :
- ¢ 10-6. When 25 percent of the water vaporizes,
it obtains its heat energy from the other 75
percent of the water. Therefore, the heat con-
tent of the 75 percent of the water is.reduced
by that aniount of heat which is used to vaporize
the 25 percent. The resulting emission tempera-
ture’ of HTHW at 400° 'F. drops to between
<. 1207 F. and 130° F. S

10-7. Boiler Versus Generator Failure. The

)

eiplosion of a steam boiler can be the result of
excessive steam pressure created inside: the steam
drum. When this happens, considerable damage

is sustained by-the heating plant. Severe steam

boiler explosions, however, can also occur from.
the dissociation of hydrogen ‘and oxygen in the
tubes or drums. Dissociation takes. place when-

‘ever water comes into contact .with a red-hot

mctal Surface, such as would happen in a~boiler

- if .the water level were allowed to drop too-low

and them be suddenly raised. When substantial
amounts of hydrogen and oxygen accumulate
in the steam drum, they blow the boiler and
perhaps the building apart.

10-8. Forced circulation HTHW generators
consist only of tubes and headers, and they
have no pressure vessels such as.a steam or
“mud” drum. The tubes (convectors) in the

convection section of the furnace portion of the .

_ generator are the weakest link in the system’s

circuits. The thin gage metal of the tubes collapses -

from” overheating when liquid contact is lost on
the interior of the tubes for as short a time

- as 2 minutes. It is, therefore, not possible to

develop high steam pressures within the system

_ because the tube failure occurs in' such a short

A

o

time.” The release of water and the consequent
drop in pressure to atmospheric pressure upon
the collapse of a generator tube prevents the
formation of an explosive condition.

11: Installing the .Piping System

11-1. All piping in an HTHW system should
be welded. No screwed joints should be per-

" mitted, and flanges should be allowed only where

necessary, such as at expansion joints, pumps, and
generator connections. Only- schedule 40 black
steel piping or .better is ysed for HTHW systems.
Upon completion, the entire’ heating system is

subjected.to a test of 450 psi that lasts.for not

_less than' 24 hours.

29

11-2. The possibilities of line fajlurc are very
remote when the construction recommended
above is used. The system piping material is
subjected to a"minimum factory test of 700 psi:
The generator tubes are’ subjected to an ASME
test of 900 psi. All valves and accessories are
rated at working pressures of-540 to 1,075 psi
at 400° F. The weakest link -in the piping net-
work lies within -the generator tubing. The worst
failure likely to occur is the loss of tubes, and
therefore the generator. The safety of the piping
system is maintained over the life of the installa-
tion. because of the absence of corrosion in the

hot-water heating systems due to boilerwater

treatment.
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